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ABSTRACT 
In recent years, a number of advanced Information and Communication Technology 
(ICT) solutions have been developed to assist in the management of business processes 
and working environments. Radio Frequency Identification (RFID) tagging technology 
and mobile computing are two such technologies which have been adopted for use in 
hybrid systems because they can monitor and manage industrial health, safety and 
welfare activities. 
Within the construction sector, plant and equipment operation has been shown to be one 
of the leading causes of accidents and injuries, not least because the sector has 
witnessed an increasing reliance upon mechanical resources. In an attempt to reduce 
vehicle accidents, this research reports upon a technology application, entitled 
SightSafety, that utilises advanced ICT solutions to produce a proactive health and 
safety management system. In addition, the research used case studies, process 
mapping, scenario planning and prototype evaluation to: produce guidelines for such a 
technology solution; expand the benefits of the application; and discuss the barriers and 
issues that can influence system implementation. 
The envisaged application consists of a plant Management Information System (MIS) 
that incorporates ICT such as mobile computing and RFID tagging system to make 
machine operations more productive and safer. The system encapsulates the desirable 
attributes of various standalone systems (such as personnel, maintenance, training etc. ) 
into one integral hybrid system which also facilitates the integration of health and safety 
information for construction plant management. The system can identify operatives in a 
machine's operational envelope, notify management and employees of pending danger 
and report upon the incidents and dangerous occurrences that have happened. This latter 
feature thereby enabling managers to learn from any mistakes made during the 
construction project. The integration is presumed to lead to a far-reaching technology 
platform where plant operator and safety manager information needs are addressed and 
could go some way to reducing common causes of accidents on construction sites. 
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CHAPTER 1 
INTRODUCTION 
1.0 INTRODUCTION 
The demand for, and investment in, the construction plant and equipment sector has 
increased exponentially in recent years (Mintel, 2005). Stimulants for this growth are 
many and varied but a major factor has been industry's drive for higher productivity, 
improved performance and lower production costs. However, the UK's Health and 
Safety Executive (HSE) is concerned about the high and sustained prevalence of plant 
and equipment accident rates on construction sites. To address this concern, various 
technological solutions have been implemented in the construction industry for 
improved management and production of machinery. Presently, there is a need for a 
more holistic solution 'that deals with the information needs of a modern plant related 
workforce and health and safety managers. It is also apparent that industry needs to 
integrate information for plant management among various standalone plant 
applications. 
This chapter sets out the background for this thesis and introduces the general subject 
domain. Leading on from this, the research aim and objectives are stated and a summary 
of the methodology adopted to carry out the study is given. Finally, a summary of 
chapters is provided to illustrate the content, logic and structure of the thesis. 
1.1 BACKGROUND TO THE RESEARCH 
The construction industry is the largest industry within the UK as it contributes almost 
£80 billion annually to national Gross Domestic Product (GDP) and employs nearly 2 
million people across 168,000 firms (NAO, 2004). Similarly, this growth has stimulated 
the demand and investment in the construction plant and equipment sector which has 
increased exponentially (Mintel, 2005). 
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However, accidents involving mobile plant and equipment have continually plagued the 
UK construction industry during the past decade (HSE, 2005). From the 20 accident 
categories recorded by the Health and Safety Executive (HSE), two categories can be 
directly linked with plant and equipment operations (Edwards, 2003). These are 
`contact with moving machinery or material being machined' and `struck by moving 
vehicle'. These accidents have remained relatively consistent year on year, despite the 
best efforts of industry and academia to reduce them (HSE, 2007a). Indeed, the static 
accident trend (year on year) involving plant and equipment suggests that current safety 
mechanisms and procedures employed by contractors have failed to reduce plant related 
accidents (Edwards, 2004). These safety systems include the use of additional 
machinery aids (e. g. convex or pencil beam mirrors, rear view cameras, radar systems 
and audible alarms) or the use of risk control procedures (e. g. training, competence 
development and risk assessment) (ibid). 
Information and Communications Technology (ICT) is a term used to encompass all 
forms of computing systems, hardware and software, telecommunication and networks 
(ICL, 2007). Given the fact that plant and equipment utilisation on construction sites has 
increased, there has been a considerable effort by both academics and plant 
manufacturers to apply Information and Communication Technology (ICT) solutions 
for improved machine performance and productivity. For example,. some of the 
applications include: operation control systems (Caterpillar, 2005b); automated motion 
control (Lytle et al., 2004); safety systems in cranes for collision detection (Abderrahim 
et al., 2005); equipment maintenance (Durfee and Goodrum, 2002); and tracking 
systems (Oloufa et al., 2003) etc. These examples show that there has been an explosion 
of bespoke system applications being developed and often these focus on single 
applications such as machine maintenance, vehicle tracking or continuous mechanical 
health monitoring. At present there is no single holistic package that covers the whole 
scope of machine related activities that could benefit health and safety on a construction 
site. 
In response to HSE statistics and current technology application, a complete re- 
evaluation of existing systems and procedures should be undertaken and the potential of 
new technology to augment existing control measures utilised should be explored. 
Advanced ICT (e. g. Automatic Identification and Detection Collection, or AIDC, 
2 
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systems and mobile computing) whilst not the total solution for safety issues, can 
provide practitioners with a useful means with which to monitor, record and learn from 
the interaction that exists between pedestrians and vehicles on a construction site. In so 
doing, it is envisaged that exhaustive information management acts as a catalyst for 
developing more efficient and effective systems and procedures. 
RFID is an AIDC technology which has proved highly effective in hostile environments 
where barcode labels may easily become damaged (COMIT, 2005b). Numerous RFID 
based solutions are being investigated or have been developed to solve complex 
business problems in many industries (Su and Liu, 2007) such as retail, manufacturing, 
airline, transportation and health etc. (Brown, 2007; RFID Journal, 2007). However, the 
construction industry has mostly investigated the application of RFID technology to 
enhance supply chain management and material tracking (COMIT, 2005a; Jaselskis et 
al., 1995; Chin et al., 2007). The true potential of AIDC technology remains 
undiscovered in a construction context. Hence, the rationale to explore this technology 
in other sectors of the industry e. g. plant and equipment management, health and safety 
on construction sites, accident management etc. 
It is envisaged that these technologies could support the development of a 
plant/pedestrian safety mechanism if integrated into a plant Management Information 
System (MIS). The culmination of such work will provide a far more advanced and 
comprehensive health and safety management solution than those currently made 
available by various commercial organisations. In order to develop a site safety system 
for construction plant that utilised advanced ICT, the following driving factors were 
taken into account: 
 A consistent accident trend amongst construction workers working in close 
proximity of plant and equipment on a site has been observed by analysing 
statistics obtained from the HSE. This trend prevails despite the use of safety 
systems (e. g. mirrors, rear view cameras and audible alarms etc. ) and risk 
control procedures (e. g. training, competence development and risk assessment). 
  Government regulations and HSE requirements to improve all round visibility 
for plant operators particularly where a driver's vision is impaired at the back or 
on the blind side of a machine. 
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1.2 RESEARCH QUESTIONS 
Given the foregoing background and the need identified for this research in the previous 
section, a series of research questions have been outlined. These questions provide 
unambiguous direction for the research and ensured that the work focused upon specific 
themes and topics. Questions posed are: 
1) What are the most popular plant items and what are the typical operations of 
these? What are the safety concerns associated with these aforementioned 
machines on a construction site? 
2) What existing ICT solutions are available to improve plant performance, safety 
and productivity? 
3) What are the developments and trends in the field of emerging ICT and what are 
the applications of these in the construction and other industries? 
4) What are the current health and safety practices used for plant and equipment 
management on a construction site and what are the limitations of the process? 
5) What are the information needs of plant managers and operatives and how can 
these be addressed? 
6) What should be the features of an ICT application for effective plant and 
equipment management in the construction industry? 
7) How can the implementation of ICT (i. e. the incorporation of an information 
system with RFIDs and mobile computing in particular) improve health and 
safety practices for plant operators, safety managers and workers working within 
close proximity of machines? 
8) What are the barriers to the effective implementation of ICT? 
1.3 RESEARCH AIM AND OBJECTIVES 
The culmination of research questions identified has led to the development of a 
research aim which seeks: 
to investigate and capture the current health and safety process associated with 
construction plant management and to develop emerging ICT applications for process 
improvement. 
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In order to achieve the above aim, the following objectives were outlined for the 
research: 
1) To identify popular plant types; to develop an understanding of standard 
operations and to determine the existing use of technology to make these 
machines more productive and effective tools on construction sites. 
2) To determine advancements and trends in the use of ICT and to identify the 
application of these technologies for the industry. 
3) To document and understand the existing `standard practice' health and safety 
processes adopted for plant and equipment on a construction site. 
4) To develop implementation scenarios for improved onsite health and safety 
process for mobile machinery with respect to plant operators, safety managers 
and pedestrians operating in vicinity of vehicles. 
5) To develop guidelines for the effective use of ICT for plant and equipment 
management. 
6) To design, develop and test a prototype application that demonstrates the use of 
ICT (IS incorporating RFIDs in particular) to augment current health and safety 
process provisions within the UK construction industry. 
In terms of contribution to knowledge, the implications of the aforementioned aim and 
subsequent objectives upon theory and practice are as follows: 
  Process mapping was used to document `standard' health and safety practices 
adopted for construction plant management. 
  The aforementioned process map formed the basis upon which ICT application, 
entitled SightSafety was developed and evaluated. SightSafety in itself will 
facilitate improvements to existing health and safety processes and procedures for 
the workforce associated with plant operations. 
1.4 BRIEF OVERVIEW OF THE RESEARCH METHODOLOGY 
To achieve the research objectives outlined above, a combination of various research 
methods (including elements of both qualitative and quantitative) has been employed. 
These include providing a review and critique of the literature, conducting case studies, 
5 
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scenario planning, prototyping the SightSafety system and finally surveying for 
prototype evaluation. Table 1.1 presents an overview of research objectives, 
corresponding research questions posed and the research methods utilised to achieve 
these objectives. 
The research commenced with a comprehensive review of literature on relevant topics 
within the research domain using databases of journals, textbooks and conference 
papers in addition to internet searches. 
In order to document existing safety processes for plant and equipment a'case study 
design was selected which involved conducting semi-structured interviews whilst 
simultaneously recording and investigating project documents used by practitioners 
within the construction sector. Data collected, was then used to develop process maps 
by employing Data Flow Diagrams (DFD) as a system modelling tool. The process 
modelling helped in the documentation of a series of business processes currently 
practiced in construction projects for plant related health and safety. 
Furthermore, various applications of emerging technologies identified during the 
literature review helped to visualise how advanced ICT can be used to improve health 
and safety practices for workers, plant operators and safety managers. As a result, the 
scenario planning method was considered appropriate to describe `alternative future' 
construction sites by using various technologies such as RFID tagging system and 
mobile computing integrated with Management Information Systems (MIS). This 
scenario-planning method was also used as the basis for understanding user needs and 
requirements for prototype system design by reviewing the various scenarios with the 
industry practitioners (interviewees within each case study). 
Finally, a prototype system was designed and developed in order to demonstrate 
functionality of a system designed to facilitate improvements to existing health and 
safety processes and procedures for the workforce associated with plant operations. The 
requirements for the prototype (entitled the SightSafety system) were `interpreted' from 
the generated scenarios and the screens were designed using the project documents 
obtained during site visits. This system was piloted with industry practitioners via a 
demonstration of the system followed by answering an evaluation questionnaire. 
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1.5 THESIS STRUCTURE 
The thesis is divided into nine chapters. Figure 1.1 illustrates the schematic layout of the 
thesis, and the following text describes the content of each chapter. 
Chapter 1 provides an introduction to the general subject domain by presenting the 
background to the research, establishing the research aim and objectives and providing a 
brief summary of the methodology adopted to carry out the research. 
Chapter 2 provides an overview of general research methodologies followed by an 
appraisal of various research approaches adopted in the areas of Information Systems 
(IS) and construction ICT applications. Finally, it details the strategy adopted to achieve 
the aim and objectives of this research. 
Chapter 3 reviews commonly used plant and equipment in the construction industry 
and provides an understanding of the standard operation of this equipment. It also 
details the use of technology to make these machine more productive and effective 
resources on construction sites. Furthermore, the chapter identifies the major health and 
safety concerns of managers and plant operators working on a construction site and how 
the industry has exploited certain technologies for the benefit of vehicle safety and 
management. 
Chapter 4 explores the significant advancements and prominent trends in the use of 
emerging ICT, and investigates how plant managers and operators can further exploit 
these technologies for the benefit of better plant management and safety on construction 
sites. The chapter investigates technologies such as MIS, mobile computing, positioning 
systems and RFID tagging systems. 
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Figure 1. l: Thesis structure 
Introduction 
§ Research background. 
§ Research aim and objectives. 
Brief methodology. 
-j 
I, FChar erb 
Research methodology 
§ Review of key research methods in the context of IS and 
construction ICT applications. 
§ Approach used for this research. 
indem 
Reviews: 
§ Popular plant types; 
§ Standard operations; 
§ Areas of concerns related to health and safety issues; and 
§ Technology applications for improved performance and 
Reviews advancements and trends in the use of ICT such as: 
§ MIS; 
§ Mobile computing; 
§ Positioning and tracking systems; and 
§ RFID applications. 
§ Case study reports the standard safety practices (using DFD as 
a modelling tool) for plant and equipment in the construction 
industry. 
& Weaknesses in the existina processes are identified. 
and safety 
§ Guidelines for improved plant management and safety. 
§ Architecture and conceptual model of a technology application. 
§ Scenario generation. 
Prototype Design and Operation 
§ Choice of a RFID system. 
§ Presentation of the pilot study. 
§ System design using activity diagrams 
§ Operation of the prototype application. 
Prototype Evaluation 
§ Evaluation objectives and approach. 
§ Analysis and discussion of the evaluation process. 
§ Feedback on system barriers, benefits and improvements. 
Conclusions and recommendation 
§ Main conclusions of the research. 
§ Main limitations of the research. 
§ Recommendations for future work. 
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Chapter 5 presents findings emanating from case studies conducted on five 
construction projects. The fundamental aim was to report upon standard safety practices 
used to manage plant and equipment in the construction industry. Data Flow Diagrams 
(DFD) were used as a modelling tool to record these safety practices. In addition to the 
documentation of current processes, practitioners concerns about the existing processes 
are also identified in order to determine why the adopted safety practices have failed to 
protect workers working in close proximity to mobile machinery. 
Chapter 6 presents guidelines for the application of ICT that may provide practitioners 
with a useful means through which to improve plant management and safety on a 
construction site. The chapter details the architecture and conceptual model of a 
technology application which integrates various components of plant management into 
one integral hybrid system. Scenarios for future construction sites that deploy ICT 
application for improved site safety are then presented. 
Chapter 7 details the prototype SightSafety application developed for this study, 
reviews the choice of the RFID system used and presents the findings of a pilot study 
conducted. During the pilot work, the suitability of the selected RFID product was put 
to trial. Results of the pilot along with the system design using activity diagrams are 
presented. Finally, the chapter presents the operation of the prototype application using 
screens of the system for unambiguous explanation. 
Chapter 8 presents the results of the evaluation process using a combination of 
analytical techniques including summary statistics, t-test and Wilcoxon test. The sample 
of participants were split into two groups consisting of managers and plant operators. 
The idea behind this division was to determine whether a significant difference in 
opinion (at p=0.05) was apparent between these two users of the system. The 
evaluation also sought to determine the benefits of SightSafety along with the 
improvements recommended by system evaluators. The chapter concluded by 
presenting potential barriers and issues influencing system implementation. 
Chapter 9 presents a summary of the key research findings, sets out how the study has 
contributed to knowledge, presents limitations of the work and provides 
recommendations for further research. 
11 
Z. Riaz Chapter 1: Introduction 
1.6 CHAPTER SUMMARY 
Having provided the background to the research and justified the need for it, this 
chapter also identified the key questions to be addressed in the research; the aims and 
objectives of the research; and provided a brief summary of the research methodology 
adopted. 
It can be readily established that plant and equipment use and operation on construction 
sites has increased considerably over recent years. Alarmingly, accidents involving 
plant/pedestrian collisions remained unacceptably high. A combination of advanced 
ICT (such as RFID tagging technology and mobile computing) and IS may provide 
practitioners with a useful means to improve plant management and safety. The 
envisaged system not only provides construction managers with necessary information 
on a regular basis but also focuses on the information needs of plant operators and 
construction health and safety managers. 
12 
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CHAPTER 2 
RESEARCH METHODOLOGY 
2.0 INTRODUCTION 
The Oxford Dictionary (1989) defines research as: 
"A ' search or investigation directed to the discovery of some fact by careful 
consideration or study of a subject. " 
Therefore, research is a contribution to knowledge which is concerned with what (facts 
and conclusions) and how (scientific, critical) components (Fellows and Liu, 2003). A 
robust piece of research requires skills of inquiry, experimental design, data collection, 
data analysis by interpretation and by presentation (Greenfield, 1996). 
This chapter introduces the various classifications of research available and is followed 
by a detailed review of the various research approaches embraced in the context of 
Information Systems (IS) and construction ICT applications. Finally, the strategy 
adopted for this specific research work to facilitate the achievement of the aim and 
objectives set for the study is proposed and discussed. 
2.1 CLASSIFICATION OF RESEARCH 
Research can be classified into different categories depending on the researcher's 
viewpoint (Kumar, 1999). One fundamental classification of research is into pure and 
applied research (ibid); refer to Table 2.1 which illustrates the main difference between 
the two types of research. The table highlights that pure research seeks to. discover 
theories; whilst on the contrary, applied research is more focused upon practical 
application of knowledge. 
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Table 2.1: Pure and applied research (adapted from Fellow and Liu, 2003 
Research Type Pure Applied 
Undertaken to " Develop knowledge.   Develop a practical application. 
  Contribute to/discover   Help solve a practical problem. 
theories.   Use scientific knowledge to 
  Discover laws of nature. determine 'does it work? ' 
  Search for the 'truth'. 
Fnd t Iser   Academics. " Practitioners. 
  Industrialists. 
This research is applied research as it investigates the application of ICT for the plant 
and equipment sector of the UK construction industry; albeit the research findings could 
equally be of value to an international audience. The SightSafc'ty application developed 
specifically explores how to address health and safety concerns and management issues 
associated with mobile construction plant. 
Research can also be classified as either qualitative or quantitative and the adoption of 
either approach depends upon different philosophical assumptions and research methods 
(Creswell, 2003). 
2.2.1 Qualitative Research 
Lincoln and Denzin (2003) described qualitative research as that which: 
"involves an interpretive, naturalistic approach to the world where a qualitative 
researcher studies things in their natural settings, attempting to make sense of, or to 
interpret, phenomena in terms o/'the meanings people bring to them. " 
The main characteristics of qualitative research and researchers who use this method are 
provided in Table 2.2. The table highlights that this type of research is pragmatic, 
interpretive and grounded in the lived experience of people (Marshall and Rossman, 
1999). 
2.2.2 Quantitative Research 
Quantitative research adopts `scientific method' in which an initial study of theory and 
literature generates precise aims and objectives with hypothesis to he tested (Fellows 
14 
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and Liu, 2003). Table 2.3 underlines the main characteristics of quantitative research 
and researchers. The table describes that this type of research uses formal 
instrumentation where variables can be identified and relationships can be measured. 
Table 2.2: Characteristics of qualitative research (Source: Marshall and Rossman, 1999) 
Qualitative Research 
  Takes place in the natural world. 
  Draws on multiple methods that are interactive and 
humanistic. 
  Is emergent and evolving rather than tightly prefigured. 
  Is fundamentally interpretive. 
The Qualitative Researcher 
  Views social world holistically. 
  Engages in systematic reflection on their own roles in the research. 
  Is sensitive to personal biography and how it shapes the study. 
  Uses complex reasoning that is multifaceted and iterative. 
Table 2.3: Characteristics of quantitative research (Adapted from: Creswell, 2003; Patton. 2002) 
Quantitative Research 
  It is based on the assumption that social facts have an objective reality. 
  Uses standardised measures so that the collected data can fit into limited 
number of predetermined response categories to which numbers are assigned. 
  Involves experiments with variables and treatments (e. g. factorial designs and 
repeated measure design). 
The Quantitative Researcher 
  I. ')ses literature deductively as a basis for advancing research questions and 
hypothesis. 
  Creates variables that are open to statistical analysis. 
  Draws upon quantitative data and use mathematical models. statistical 
tables and graphs. 
This research focuses on the application of ICT in the setting of a construction project 
which in addition to being a building science also comprises of a `social domain' 
involving construction workers, managers, designers and architects. As a result of this 
human participation in this study, a predominantly qualitative research approach is 
adopted to understand and interpret the requirements of the proposed ICT application. 
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2.2.3 Triangulation 
Table 2.4 provides a comparison of the two types of research. The table indicates that 
qualitative research provides an insight into a problem and uncovers prevailing trends in 
that problem domain. On the contrary, quantitative research quantifies data to generalise 
results from a sample of interest. However, qualitative data can also be analysed more 
objectively using quantitative techniques in such a way that richness of the data is not 
lost (Fellows and Liu, 2003). 
Table 2.4: Qualitative vs. Quantitative Research (Adapted from Creswell, 2003; Lincoln and Denzin. 
2003: Fellows and Liu. 2003) 
Research Research Classification 
Type Qualitative Quantitative 
Purpose 
Area 
Sample 
Data 
Collection 
Data 
Analysis 
  Contextualisation. 
  To describe. decode and interpret 
the meaning, not the frequency, of 
certain more or less naturally 
occurring phenomena in the 
social world. 
  Social Science. 
  Often small in number. 
  Non-representative of population 
selected to fulfil a given 
requirement. 
  Unstructured or semi- 
structured e. g. interviews. 
  Non-statistical. 
Characteristics   
. 
U 
U 
Emergence/generation of theor . 
Develops an initial understanding 
and sound base for further 
decision making. 
Data is rich and subjective. 
Flexible and unstructured. 
Findings are not conclusive and 
cannot be used to make 
generalizations about the 
population of interest. 
  Generalisation. 
  Facts and figures or 'what' and 
'how many'. 
  Natural Science. 
  Often large in number. 
  Representative of the population 
and based on randomly selected 
respondents. 
" Structured e. g. questionnaires. 
  Statistical. 
  Testing of theory. 
" Used to recommend a final 
course of action. 
  Data is hard and statistical. 
  Structured. 
" Findings are conclusive. 
Although most research work is conducted using either the qualitative or quantitative 
approach, there exists a third possibility called triangulation. In order to construct 
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validity of the research, multiple and different sources (e. g. informants), methods, 
investigators or theories are employed (Robson, 1996). This approach tends to reject the 
narrow analytical paradigms in favour of the breadth of information which is provided 
by the use of more than one method. Moreover, qualitative research is inherently multi- 
method in focus but employing triangulation (combination of multiple methods, 
empirical materials, perspectives and observers) as a strategy adds rigor, breadth and 
depth to any investigation (Lincoln and Denzin, 2003). 
2.2 A FRAMEWORK FOR RESEARCH DESIGN 
The recent acceptance of a multi-method approach has made research less quantitative 
versus qualitative and more how research practices lie somewhere on a continuum 
between the two (Creswell, 2003). Figure 2.1 shows the interrelated levels of a 
framework that goes into the process of designing a research methodology. Moreover, 
the highlighted aspects provide a choice of approach, ranging from broad assumptions 
about the research design to the more practical decisions about how to collect and 
analyse data. 
Figure 2.1: A framework for research design (adapted from Creswell, 2003) 
Epistemology 
  Theory of knowledge embedded in the theoretical perspective. 
  Informs the research e. g. objectivism, subjectivism etc. 
Philosophical Paradigm 
 A theoretical perspective that lies behind the methodology in questions 
(e. g. positivism, postpositivism, interpretivism, critical theory etc. ). 
Methodology 
  Strategy or plan of action that links methods 
to outcomes. 
Methods 
  techniques and procedures. 
Guba and Lincoln (1994) propose four epistemological classifications for qualitative 
research which include: positivism; post-positivism; interpretivism; and critical theory 
(see Table 2.5 for features of each type of classification). This classification concerns 
17 
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the questions of what is (or should he) regarded as acceptable knowledge in a discipline 
(Bryman and Bell, 2003). Awareness of this classification not only helps in determining 
the type of evidence required and how it is to be gathered and interpreted, but also how 
it leads to good answers to the key questions being investigated in the research 
(Easterby-Smith et al., 2001). In social science research, the meaning and understanding 
of actions and intentions of individuals play a significant role which entails that 
qualitative data plays a crucial role in this type of research (Wilson and Howcraft, 
2000). 
Table 2.5: Epistemological classification for qualitative research (adapted from Guba and Lincoln. 1994: 
Fellow and Liu. 2003. Easterby-Smith yet al., 2001) 
Positivism 
  Considers social world exists externally. 
  Advocates application of the methods from natural sciences rather 
than subjective interpretation through reflection and intuition. 
  Is objective in nature. 
  Used if there is evidence of formal propositions. quantifiable 
measures of variables, hypothesis testing and drawing of 
inferences about a phenomenon from the sample to a stated 
population. 
Post-positivism 
  Is a recent development of positivist ideas. 
  Recognises that complete objectivity (truth) is unachievable. 
  Results are considered true if all procedures to establish validity 
have been exhausted. 
  Findings are viewed as not being absolute. 
Interpretivism 
  Indicates that reality is constructed by how human beings 
interpret and make sense of reality. 
  Is concerned with meanings and experiences that people 
associate with the real world. 
Critical Theory 
  "Takes the view that human beings are able to critically assess and 
change society and become emancipated. 
18 
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2.2 RESEARCH APPROACHES IN IS 
The argument between `hard' positivist and `soft' interpretivist research paradigms is 
continuous in the field of information systems (Fitzgerald and Howcroft, 1998). 
However, with the increasing acceptance of the social nature of Information Systems 
(IS), there has been a shift towards social science methodologies in IS research (Avison 
and Fitzgerald, 2003). Howcraft (2000) considers that the drift is because of the 
positivist belief that IS are purely technical in nature; an approach which tends to ignore 
the highly social nature of IS existence within organisations, often ignoring the human 
aspects involved. On the contrary, the author advocates that the interpretivist tradition is 
concerned with understanding what meaning the social world has for people who live 
within it; an approach which highlights the social nature of organisations and 
appreciates the use of qualitative data for evaluation purposes (ibid). 
Greater thought regarding the choice of research method is required as one should first 
consider the nature of IS and what is expected to be gained from undertaking research in 
the area (Galliers and Land, 1987). The challenge is to find practical ways to combine 
qualitatively diverse research approaches to support various and partly conflicting goals 
involved in research efforts (Mathiassen, 2002). Mingers (2001) argues that research 
results will be richer and more reliable if different research methods, preferably from 
various existing paradigms, are routinely combined. 
The most widely applied research approaches which are used in the IS study are listed 
in Table 2.6. The table also reviews the advantages, disadvantages and typical 
applications of these approaches in the field of IS. 
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2.3 RESEARCH APPROACHES FOR CONSTRUCTION ICT 
APPLICATIONS 
Fellows and Liu (2003) draw attention to the significance of understanding the nature of 
projects and the management for people when working in a project-oriented industry 
such as construction. They identify the research styles which are most applicable to 
construction research; these include: action research; ethnographic research; surveys; 
case studies; and experiments. In construction research, scientific based quantitative 
methods have been traditionally adopted particularly for analytical based research (e. g. 
structural or material behaviour) and more qualitative research methods are used in the 
area of construction management which involves human participation (Ward, 2004). 
However, in the past decade, the number and complexity of research methods available 
to construction researchers have expanded remarkably, particularly with the 
introduction of construction ICT targeted research (Bowden, 2005). This expansion 
provides a wider choice of research tools with which to pursue research questions. It is 
also important to realise that research into construction ICT differs from the study of 
ICT as a purely technical phenomenon (Whyte, 2000). In construction ICT applications 
the focus is not merely on technology, rather issues regarding the appropriateness of 
technology for various cultural and social factors (that are specific to the construction 
industry) should also be taken into account (Bowden, 2005). In critical review, Leslie 
(1996) highlighted that construction researchers see only the positive side of hard 
methodology approaches without taking into consideration the complexity of ICT 
applications. They concentrate their research on technical aspects forgetting how ICT 
can be accepted and used by construction practitioners. This results in poor alignment of 
the technology with the construction industry's needs. 
2.4 RESEARCH APPROACH ADOPTED AND METHODS USED 
According to Remenyi et al. (1998), the primary drivers for choosing an appropriate 
research methodology are: the topic to be researched; the specific research questions; 
and the resources available. The review of research approaches in IS and construction 
ICT highlights that there has been a shift towards 'social science methodologies in IS 
research due to increasing acceptance of the social nature of IS and ICT applications. 
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This acceptance has generated a move from the positivist position to an interpretivist 
position; which is used to determine reality as viewed by people and is concerned with 
meanings and experiences they associate with the real work environment (Easterby- 
Smith et al., 2001). 
This research study focused on the investigation of the applicability of ICT in the plant 
and equipment sector of the construction industry with the aim of developing an 
advanced technological solution to address health and safety concerns. The nature of the 
study implies a highly social nature of technology existence within the construction 
industry where technology enabled processes are employed by the workforce operating 
on a construction site. This workforce context signifies the `people issue', highlighting 
the fact that for a holistic view it is important to understand the opinions and 
perceptions of people working with this technology. This leads to a more subjective 
philosophy for this research and encourages the adoption of an interprestivist approach 
that appreciates the use of qualitative data for evaluation purposes (Howcroft, 2000; 
Hussey and Hussey, 1997). 
The research objectives and the respective questions posed by these objectives are listed 
in Table 2.7. An underpinning theme of Table 2.7 is that multiple research approaches 
within a single study have been adopted to achieve the research objectives. The research 
questions along with the adoption of multiple research approaches led to the selection of 
a range of research methods, tools and techniques to be used during the coarse of this 
research study. These are highlighted in Figure 2.2 which illustrates the key steps 
adopted during the research process. The figure shows that more than one research 
method was taken up in certain approaches in order to provide supporting information 
and thus enabling triangulation of the results. 
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Figure 2.2 illustrates the key steps in the research process. Various research steps and 
tools used during this process are discussed in more detail in the following section. 
Figure 2.2: Research process 
Review on Plant and Equipment 
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Prototype 
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2.4.1 Literature Review 
A literature review primarily serves to: define and understand the topic; highlight 
previous research and alternate views; reveal issues in previous research; and suggest 
areas for further research (Fellows and Liu, 2003). The literature review for this 
research mainly consisted of two sections (see Figure 2.2). The first section reviewed 
various plant and equipment types, typical operations, sale trends and the application of 
technology for improved performance. This review provided a detailed knowledge of 
popular plant types, an understanding of typical standard operations and established the 
use of technology to make machinery more productive and effective tools on 
construction sites. 
The second section reviewed various emerging ICT solutions that have the potential to 
make construction plant more productive, efficient and safer. A referenced summary 
was prepared, and is presented in chapters 3,4 and 5. The literature review also helped 
in the identification of problems and concerns relating to plant and equipment 
management and helped to formulate areas for further research. 
Data for the review was mainly sourced from academic journals, conference 
proceedings, books, on-going research projects, Health and Safety Executive (HSE) 
documentation and various government legislations. Additionally, for technology 
review various technology applications and company websites were also taken into 
account. 
2.4.2 Case Study 
Yin (1994) suggests a case study is an empirical inquiry that investigates a 
contemporary phenomenon within its real-life context where: the boundaries between 
phenomenon and context are not clearly evident; multiple sources of evidence are used; 
and `how' and `why' questions require an answer. Table 2.7 documents research posed 
research questions posed during case studies: 
  What are the current health and safety practices for plant and equipment on a 
construction site? 
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  How can the existing health and safety process for plant and equipment benefit 
from ICT implementation? 
  What are the information needs of plant managers and operatives? 
In order to find answers to these questions and to document existing safety processes for 
plant and equipment, a multiple-case design was selected. According to Yin (1994), a 
multiple design follows a replication logic rather than sampling logic where 
generalisation is made to the theory and not to the population. In addition, multiple 
cases strengthen the results by replicating the pattern-matching; this increasing the 
confidence in the robustness of theory (Tellis, 1997). Consequently, five construction 
projects were selected across the UK using a list provided by members of the Major 
Contractors Group (MCG). The MCG represents most of the largest construction 
contractors working with the UK construction industry and are influential in both 
industry and government. Often the MCG members are pioneers of innovative systems 
and adoption of advancements within the group stimulates others within the industry to 
follow suit. The details of the selected five cases are provided in Table 2.8. Other 
reasons for the selection of these projects were based on the following factors: 
  major contractors are technology aware and are ready to integrate various 
technological solutions for process improvement to offer better value and a 
higher level of quality during a complete project lifecycle (Skanska, 2006). 
  major contractors recognise the importance of health and safety on construction 
sites and are actively promoting a culture where appropriate steps are taken to 
enhance the business processes to create a future free of incidents and injuries 
(MCG, 2005). 
  in all instances, the projects are at a stage where plant items (specifically, 
material handling equipment e. g. excavators and telescopic handlers) were in 
operation. 
The case study preposition was: "The employment of emerging ICT by plant operatives 
and managers improves the health and safety practices for plant and equipment on a 
construction site ". 
The unit of analysis for the study was the health and safety process(es) adopted for 
plant and equipment management on a construction site. 
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Triangulation was achieved by conducting semi-structured interviews, direct 
observation on construction sites and investigation of project documents. 
A semi-structured interview was used in preference to a structured or unstructured 
interview because this enabled the researcher to probe for further insights and 
clarification while maintaining some structure in the recorded views of participants. For 
the interview, a frame of dialogue was prepared that mainly comprised of two sections 
(see Appendix Al): 
i. health and safety on a construction project; and 
ii. technology used for plant management. 
Both themes and corresponding questions within them surfaced from acomprehensive 
literature review (Chapter 3 and 4 respectively). However, few questions regarding 
current health and safety practices on a construction site in general, and plant specific 
safety practices in particular, were also posed to the interviewees. The investigation 
aimed to understand and interpret the standard health and -safety practices adopted for 
construction plant management and to develop process maps for these. The interviewees 
included both health and safety managers and plant operators because this target 
audience would ultimately be the end users of the final system. 
The interviews were analysed using the technique of `constant comparative analysis'. 
The technique involves taking a single piece of data (one interview, statement or theme) 
and comparing it with all others that may be similar or different in order to develop 
conceptualisations of the possible relations between various pieces of data (Thorne, 
2000). For example, by comparing the accounts of two different people who had a 
similar experience, a researcher might pose analytical questions such as why the two 
accounts are different? Alternatively, the researcher may need to establish how are these 
two related (Ibrahim, 2007)? 
Key developments that came out of the multiple sources of data were used to develop 
process models by employing Data Flow Diagram (DFD) as a system modelling tool. 
The process modelling helped in documenting information flow through a series of 
business processes currently in practice for plant related health and safety in 
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construction projects. In addition, the models helped gather requirements to translate 
into an effective prototype design and development. 
Rationale for using Process Modelling (Information Flow): 
System models provide pictorial representations of reality and clearly distinguish 
between logical (what a system is or does) and physical (how a system is physically and 
technically implemented) design of a system (Whitten, 2004). Whitten (2004) defines 
process modelling as: 
"a technique for organising and documenting the structure and flow of data 
through a system's processes and/or the logic, policies, and procedures to be 
implemented by system's processes" 
Process modelling originates from structured system analysis and design 
methodologies. While structured analysis and design has lost approval as a 
methodology, process modelling remains a viable and important practice that uses 
models of business process requirements to drive effective software designs for a 
system (Avison and Fitzgerald, 2003). There are techniques for process modelling that 
are also featured in Business Process Reengineering (BPR). Skidmore and Eva (2004) 
describe process mapping as one such technique which depicts: 
  component tasks within the process; 
  the functions/users roles which perform those tasks; and 
  any relationships between the tasks. 
However, this mapping only captures details of the processes and not about the data that 
are used in these processes (ibid). Nevertheless, DFDs are adopted in various 
methodologies (e. g. Structured Systems Analysis and Design Method, SSADM; 
Structured Analysis, Design and Implementation of Information Systems, STRADIS; 
and Yourdon Systems Method, YSM) as a modelling tool to illustrate the graphical flow 
of data through a series of business processes and provides the analyst with the ability to 
document the current and required systems (Yeates and Wakefield, 2004). Logical 
DFDs represent data flows and is not concerned with how it flows i. e. physical aspects 
(Avison and Fitzgerald, 2003) and provides a sound basis for the process of system 
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design or redesign (Yeates and Wakefield, 2004). DFD is a graphical representation and 
is composed for four elements as described in Table 2.9. 
Table 2.9: DFD elements and their notations 
Notation 
Element Name Description (Yourdon & Coad) 
Data Flow It is represented by an arrow and depicts the 
fact that some data is flowing or moving from 
one process to another process. 
Process The process transforms the data flow by either 
changing the structure of the data or by 
generating new information from the data. 
Data Store This can be envisaged as a file, although not 
necessarily a computer file or even a manual 
record in a filing cabinet. It can be a temporary 
repository of data. 
External Entity External entity lies outside the context of the 
system's boundary. It is usually a person or a 
organisation but it could be another system. 
Data Flow 
Data 
Process 
Data Store 
[l External 
nteractor J 
The main advantages of the data flow approach are given in Figure 2.3 which stratifies 
these advantages in terms of competitive viewpoints (i. e. technology, social and 
process) and roles within and outside an organisation. The figure highlights that DFD 
provides system analyst with the ability to understand and specify a system at the 
logical process level. This specification can be translated into a technical design of the 
system and its physical implementation at a later stage. In addition, the figure shows 
that DFD enables communication among system users, analysts and designers. For this 
research, DFD were used as a communication too] between the researcher and health 
and safety managers/staff to identify and document the health and safety processes 
adopted for plant and equipment on a construction site. This was followed by 
interpretation of the developed diagrams into system guidelines and the SightSafeh' ICT 
design. 
However. DFD style and notations are not standardised and as a result, there may be 
great differences between two DFDs of the same system drawn by different analysts 
(Saldarini. 1989). Conversely, there is generic guidance that details the number of steps 
that can be followed while producing a DFD. These steps are summarised in Figure 2.4 
where processes, data stores and external entities (agents external to the examined 
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system) are identified. This classification is used to develop a basic context diagram 
which is later revised into more comprehensive DFDs, where major process activities 
are identified and decomposed further. For this research a higher level DFD is prepared 
for the process of on-site health and safety. Further levels are generated for major 
activities such as: health and safety process of plant related operations and management: 
accident investigation; and employee training. 
Figure 2.3: Advantages of the data flow approach 
Roles within and outside an organisation 
System Analyst/ 
Client/laser/Management 
System Designer 
Definition of necessary data 
Technology 
and processes 
Analysis of required output 
and processing logic 
c 
ä 
Communication of current system 
Social kno\\ Ied_e 
Comments/Feedback on the accuracy of 
E the analysts' conceptualisation 
tIndcrstandino o1'sv stem and 
Process subsystem interrelatedness 
Conceptual Freedom 
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Figure 2.4: Steps of DFD creation (Adapted from Green. 1996: Kendall and Kendall. 1999) 
Identification of I 
processes. data stores 
and entities that are 
external to the system 
DFD revision I 
for completeness and 
accuracy 
Revision of L 
higher level diagrams 
on the basis of further 
levelling 
% Creation of a' 
context diagram based 
on external entities 
and a single process 
with system title 
Identification of 
major activities and 
their sub activities 
Generation of L 
further levels for each 
major activity (where 
required) 
2.4.3 Scenario Planning 
J"ýd Generation of 
a first level model 
(major activities only) 
3 
The encompassing theme of this research is the application of emerging ICT (in this 
case mainly Automatic Identification and Data Collection or AIDC technology, such as 
RFID tags, and its integration with MIS) for the plant and equipment sector of the 
construction industry. From this viewpoint, future research methods (as discussed in 
Table 2.6, section 2.5) are considered relevant to address the research question: 
"How can the implementation of ICT improve health and safety practices . 
for plant 
operators, sa/ett' managers and workers working within close proximity of machines? " 
From the various future research methods, listed and described in Table 2.10, scenario- 
planning was considered the most relevant for this research. The justification of this 
selection is provided in Table 2.11. The table shows that scenario planning method is 
considered the most appropriate for uncertain, complex and fast developing situations 
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where the future cannot be predicted accurately enough to identify a single forecast; and 
it cannot be reasonably expected to be a continuation of present and past trends (Godet 
2001; Dyson 1990). This research also uses the scenario-planning method as the basis 
for understanding user needs and requirements for prototype system design. 
Scenario Planning Method: 
Michael Porter (cited in Ringland, 1998, p2) defines scenarios as: 
"an internally consistent view of what the future might turn to be - not a 
forecast, but one possible future outcome. " 
According to Schwartz (1991) scenarios are descriptions of possible or probable futures. 
They are not projections, predictions or preferences, rather they are coherent and 
credible stories, describing different paths that lead to the alternative futures (Davis, 
2002). The underpinning philosophy of scenario-planning methods is that the future 
cannot be foreseen, however some of the forces that will shape the future can be 
(Heijden, 1996). When these driving forces are identified, and the ways in which they 
are likely to interact and affect other key variables are considered, then futures built by 
intuition and logic can be constructed (Verity, 2000). 
Scenario planning is not a single well-defined methodology but rather a set of principles 
for strategic analysis and planning that may be applied using a combination of various 
qualitative and quantitative research methods and techniques (Sideris, 2002). 
Disciplines and practices that have influenced scenario planning include mental models, 
cognitive mapping, systems analysis, stakeholder analysis, conceptual thinking, 
decision analysis, facilitation techniques and storytelling (Davis, 2002). 
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ZRiaz Chapter 2: Research Methodology 
Peter Schwartz (1991) in his book "The Art of the Long View" proposed an eight-step 
methodology for scenario-planning. These steps include: 
1. Identify the key issue that will influence the future; 
2. Identify the key factors in the micro-environment; 
3. Identify the driving forces in the macro-environment; 
4. Rank key factors and driving forces by importance and uncertainty; 
5. Select scenario logics; 
6. Flesh out the scenarios; 
7. Draw implications; and 
8. Select leading indicators and signposts. 
This method starts by identifying particular key factors and driving forces, which are 
the elements that move the plot of a scenario. The method does not rule out completely 
the use of other formal techniques, however it is a highly informal approach (Sideris, 
2002) as it relies almost entirely on the facilitator to mediate productive debate within a 
group of experts. Also, scenarios are known to offer greater advantages over other 
forecasting methods when uncertainty is high and historical relationships unstable 
(Fahey and Randall, 1998). The key disadvantage of scenario planning approach is that 
developing an initial set of scenarios is a lengthy and time consuming process. 
The Scenario Generation Process 
Scenario planning was considered the most appropriate approach to address the research 
question: 
How can the implementation of ICT improve health and safety practices for workforce 
associated with plant and equipment on a construction site? 
The key challenge in applying the scenario planning method was to generate an initial 
set of scenarios for application of ICT (RFID technology and its integration with MIS) 
for improved health and safety practices in the construction plant and equipment sector. 
The scenario generation was expected to spur new ideas and themes and to understand 
the plant operator, management and pedestrian needs for such technology applications. 
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Several methods for scenario generation have been suggested by different authors and 
there is no single way of constructing a scenario nor can the same method be applied 
similarly in all cases (Masini et al., 2000). Schwartz's approach (discussed in the earlier 
section) to scenario planning is relatively less prescriptive and offers a greater level of 
flexibility compared to other approaches (such as other future methods, as discussed in 
Table 2.10). Cole et al. (1978) described three possible sources of the initial set of 
scenarios: 
  Analyst input: the analyst undertaking the study generates the scenarios based 
on the individual's experience and research; 
  Expert input: expert informants contacted by the analyst contribute ideas in 
various ways such as via free-form discussions, interviews, Delphi procedures, 
workshops or other techniques; 
  Analyst and expert input: this method combines both analyst and expert 
informant input. 
The third method (analyst and expert input) was adopted for this research in order to 
understand the industry problems and practitioners perspective on technology 
application. This was combined with the researcher's expertise in the technology 
domain. 
The literature review (Chapters 3,4 and 5) was used to systematically gather 
information about emerging technologies and plant related issues on a construction site. 
Applications of similar technologies in other industries were also reviewed. A 
conceptual model for technology application was developed from this review. It was 
later shaped into a set of scenarios through an iterative process by carrying out a series 
of semi-structured interviews with industry experts. The experts were requested for an 
analytical feedback on the explained set of scenarios. This combination of analyst and 
expert input and the study of literature was used to develop and refine realistic user 
scenarios; in which the capabilities of various emerging ICT were mapped to the 
information needs of plant related construction workforce. The key objective of 
generating realistic scenarios was to take the focus away from the underlying 
technology and to find out more about the effectiveness, utility and barriers of ICT 
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applications from the construction industry perspective. This understanding led to 
drawing up user needs, gathering system requirements and eventually system design. 
2.4.4 Prototype Development 
Prototype development involved the development of a prototype system in order to 
demonstrate system functionality. The requirements for the prototype were `interpreted' 
from the process maps developed during case studies and from the scenario generation 
processes. The prototype was not entirely a bespoke development. In software 
engineering communities it has long been recognised that developing a new system 
from scratch is expensive in terms of time, money and effort. Also, new developments 
tend to be error prone and too expensive to maintain (Apperly et al., 2003). Thus off- 
the-shelf components for automatic identification and data collection purpose were 
purchased from IDENTEC Solutions (an Austrian company). 
The prototype used the following development and database environments: 
Microsoft Visual Studio 2003 NET; 
0 Microsoft SQL Server 2005; and 
Identec Solutions Intelligent Long Range (ILR) technology (RFID 
technology). 
The choice of these development environments are detailed in Chapter 7. The prototype 
development addressed the key objective of developing an ICT (IS incorporating 
RFIDs) application that facilitates the health and safety process for the plant and 
equipment workforce. The application concentrated on monitoring the workers 
operating in close proximity of plant and equipment on a construction site and to 
automate the incident/accident investigation process. 
2.4.5 Evaluation 
An evaluation process was carried out to: 
  have a more credible and concrete validation of scenarios; and 
  elicit end-user and industry expert perspectives on the prototype system. 
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A total of five construction projects across the UK were visited to evaluate the 
prototype. To ensure collection of data from the representative user group of the ICT 
application, the relevant users of the system were identified (details are provided in 
Chapter 8) i. e. safety managers and plant operatives (drivers and supervisors). 
During the evaluation process, a questionnaire (see Appendix A2) was designed to get 
the feedback from industry experts on themes identified through literature on evaluation 
of ICT applications. These themes were: 
  system effectiveness; 
  system proactiveness; 
  practicality; 
  usability; 
  financial feasibility; 
  future improvements; 
  benefits; and 
  implementation barriers. 
A prerequisite for completing the questionnaire was to attend a presentation on the 
prototype application. The open-ended questions of the questionnaire (addressing future 
improvements, benefits and implementation barriers) were analysed through `constant 
comparative analysis'. Alternatively, the closed questions were coded to produce 
statistical analysis on the data using SPSS (a software tool for statistical analysis). The 
analysis was performed to measure the differences in sample mean for the responses of 
both managers and operators. Additionally, to measure the relationship among the 
variables a correlation analysis was carried out. 
2.5 CHAPTER SUMMARY 
The chapter has presented a discourse on the topic of research approaches in the 
disciplines of IS and construction ICT applications. Qualitative and quantitative 
research approaches were discussed in terms of philosophical lineage and process. The 
adopted combination of both approaches (triangulation) was also discussed and the 
actions taken to minimise the effects of the limitations of individual approaches. 
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Various data collection and analysis techniques were outlined and the ones relevant to 
construction ICT research were briefly discussed. 
Finally, the chapter provided an overview of the multi-methodological approach 
adopted for this research study to facilitate the achievement of the aims and objectives 
set for the research. The techniques for data collection and analysis used in this research 
were also highlighted in the chapter. 
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CHAPTER 3 
AN APPRAISAL OF PLANT AND EQUIPMENT USE WITHIN 
THE CONSTRUCTION INDUSTRY 
3.0 INTRODUCTION 
Whilst the construction industry uses extensive labour resources, it is becoming 
increasingly reliant upon mechanisation (Harris, 1994). These mechanical resources are 
used in various operations on a construction site e. g. earthmoving (equipment such as 
excavators, loaders, tractors etc. ) and lifting (equipment such as telehandlers, forklifts, 
cranes etc. ). This chapter provides an insight into popular plant types, an understanding 
of standard operations and the use of technology to make machinery more productive 
and effective tools on construction sites. Moreover, this chapter identifies areas of 
concern for plant managers particularly related to health and safety issues on a 
construction site and how the industry has exploited certain technologies for the benefit 
of vehicle safety and management. 
3.1 TYPES OF PLANT AND EQUIPMENT 
The demand and investment in the UK construction plant and equipment sector has 
increased exponentially over the years (Mintel, 2005). The value of construction 
equipment within the UK market rose by 4% in 2004 to £1,069.5 million and has risen 
by 39% since 2000 (see Table 3.1). 
Table 3.1: VValue of construction equipment in the UK market (Mintel, Apr 2005) 
Year Value (£million) %Change 
2000 766.9 +5 % 
2001 853 2 +l 1% 
2002 959.0 + 12 % 
2003 1030.0 +7 % 
2004 1069.5 +4 % 
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Plant and equipment on construction sites may be categorised in several ways (Harris, 
1994). It may be grouped by the function it performs during the construction process for 
example, scrapers, front-end loaders and belt conveyers can be classified as equipment 
that loads, carries and dumps loose material respectively (Day and Benjamin, 1991). 
Alternatively, equipment may also be classified by the construction operation it 
performs e. g. earthmoving and lifting etc. 
Table 3.2 groups the generic plant and equipment on the basis of general operations i. e. 
earthmoving and lifting. The table also discusses various attachments that can be 
chosen to maximise machine performance. Over 6,000 attachments are available to be 
fitted with machines and these vary in terms of weight, width, capacities, hydraulic 
flows and pressures (JCB, 2005). However, Table 3.2 provides information on the most 
commonly used attachments only and considers standard operations for the purpose of 
generalising the plant type. 
Table 3.2 verifies that the term earthmoving covers a range of construction activities 
from grading, to excavating and earth fills. The general type of earth moving equipment 
designed to perform or help with one or more of the basic earthmoving operations 
include: dozers; loaders; scrappers; hydraulic excavators; haulers; graders; trenchers 
and compactors. Selection of these machines is usually done on the basis of: site 
conditions; volume of material to be moved; type of material; and time available 
(Nunnally, 2000). Machines may utilise attachments such as face shovels, backactor 
(backhoes) and draglines where excavating material is required to be loosened up and 
loaded while remaining stationary (ibid). Alternatively, the excavated material may be 
removed, transported and deposited in a cycle, for example, as done with bulldozers, 
loaders, scrapers etc. (Harris, 1994). Table 3.2 also summarises lifting equipment 
operation, which generally includes vertical load lifting, repositioning and release of the 
load around a construction site. 
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Table 3.2 highlights excavators as one of the most versatile pieces of equipment since 
common operations of this item not only include excavation work (loosening and 
loading earth; trench work; footings for small buildings and foundations) but also 
material handling (pipe-laying, trench sheets), demolition, site cleanup and ripping 
operations (Nunnally, 2000). Statistics supplied by JCB for the overall sales of 
equipment for all manufacturers in the UK also confirm the popularity of excavators in 
the construction industry (see Table 3.3). Mini and crawler excavators have shown a 
particularly dramatic rise in sales (204% and 93% increase in market volume 
respectively from 1995 to 2004) and the increased demand for these two types of 
excavator reflects the significant role that these versatile machines play on a modem 
construction site (Edwards et al., 2003). 
3.2 EXISTING APPLICATION OF TECHNOLOGY FOR PLANT 
AND EQUIPMENT 
Given the fact that plant and equipment utilisation on construction sites can improve 
organizational efficiency and productivity, there has been a huge effort by both 
academics and plant manufacturers to apply hybrid ICT solutions for improved machine 
performance and productivity (Caterpillar, 2005b; Komatsu, 2005; Cobo et al., 1998; 
Oloufa et al., 2003). Table 3.4 reviews existing technology applications for some 
generic plant and equipment type. Tabulating information in this way also assists in 
generalising the most common technology applications developed. This generalisation 
is given in Table 3.5. 
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3.3 EQUIPMENT AND WORKER SAFETY CONCERNS 
There have been growing health and safety concerns in the construction industry which 
is regarded as one of the most dangerous industries in the world (see Appendix G). The 
aforementioned appendix highlights that despite efforts to reduce the risk of 
occupational injuries and illnesses in construction, the industry continues to account for 
a consistently high (and sustained) trend in the number of equipment related injuries 
both in developed and developing countries around the world. 
During the appraisal of plant and equipment, several areas of concern for plant 
managers have been identified. In particular, this includes health and safety issues 
covering pedestrian protection, collision detection, information management etc. As a 
result, some further exploration was carried out with regards to health and safety 
concerns and how the construction industry can exploit emerging ICT for the benefit of 
vehicle automation and management. 
From the 20 accident categories recorded by the Health and Safety Executive (HSE), 
two categories can be directly linked with plant and equipment operations (Edwards et 
al., 2003). These are `contact with moving machinery or material being machined' and 
'struck by moving vehicle'. A detailed analysis of plant related accidents incurred by the 
construction workforce (i. e. employees and self-employed workers) is presented in 
Table 3.6 for the period 1994-2004 (HSE, 2005). The listed data only includes 
employees and the self-employed and does not incorporate members of the public. This 
is because such information was unavailable at the time that this research was 
undertaken. 
The statistics are further sub-categorised into three injury types, namely i) fatal injuries, 
ii) major injuries and iii) up to 3 days off work. For employees, an average of 3% of all 
the injuries incurred were caused due to contact with moving machinery and 2% were 
due to being struck by a moving vehicle. For self-employed persons, the average 
percentage of all injuries attributable to the two categories was 3.7% and 1.7% 
respectively. Overall, for both employees and the self-employed, the percentage of total 
injuries caused due to contact with machinery and being struck by a moving vehicle 
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were 4% and 2% respectively. These figures are compelling and the HSE have openly 
acknowledged that plant related accidents are the second most serious problem in the 
construction industry after falling from heights (HSE, 2005). 
As part of a validation exercise, statistics for the total number of employees and self- 
employed were also acquired from the governmental Department of Business, 
Enterprise and Regulatory Reform (BERR), formerly known as Department of Trade 
and Industry (DTI, 2005). These employment statistics were then used with the accident 
statistics to calculate, for both employee types, the accidents per thousand individuals 
working in the industry so that a direct comparison could be made between accident 
and employee type. Such a transformation is particularly useful where, as in this 
example, the values of data between two or more trends differ greatly in size. Left 
unadulterated, perturbations in a trend with smaller values cannot be readily observed 
on the y-axis if plotted on a graphic which includes a trend with considerably larger 
values. 
Figures 3.1 and 3.2 illustrate that the plant related accident rate is higher in employees 
than the self-employed. This may be due to the fact that employees tend to be more in 
charge of the general labouring duties and are thus `semi-skilled', unlike specialist and 
`highly-skilled' trade based self-employed operatives who focus on specific tasks and 
duties that they have been specifically trained for (Edwards, 2003). The workplace risks 
and hazards associated with workplace activities are therefore known in greater detail. 
Employees who tend to have general labouring duties become involved in a multi-trade 
range of work activities and often only ever acquire a broad and superficial knowledge 
of workplace risks and hazards. In addition, the self-employed have far greater 
autonomy over daily work activities and the work environment unlike employees who 
are managed and governed by site management. An alternative theory is that the self- 
employed simply do not report accidents because unlike employees, time off sick 
invariably equates to no pay. These are however, working hypotheses and further work 
will be required to investigate this enigmatic trend more fully. 
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Figure 3.1: Injuries to workers (employees and self-employed per thousand) caused due `contact with 
machinery or material being machined' for the period 1996-2004 
Contact with machinery or material being machined 
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Figure 3.2: Injuries to workers (employees and self-employed per thousand) caused due to being `struck 
by a moving vehicle' for the period 1996-2004 
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3.3.1 HSE Initiatives to Address Site Safety Concerns 
Figures 3.1 and 3.2 illustrate a fairly consistent accident trend amongst employees and 
the self-employed for both accident categories (i. e. `contact with machinery/material 
being machined' and `struck by moving vehicle'). A recent HSE report concluded that 
accidents caused by the movement of vehicles on construction sites are among the main 
sources of injuries in the construction industry (HSE, 2005). Consequently, sites that 
utilise various kinds of mobile plant and equipment suffer from the risk of vehicles 
colliding with each other or with pedestrians. To reduce this risk, Regulation 28(e) of 
the Provision and Use of Work Equipment Regulations 1998 (PUWER 98) states that: 
"where the driver's direct field of vision is inadequate to ensure safety then 
'visibility' aids or other 'suitable devices' should be provided so far as is 
reasonably practical. " 
According to the HSE (1996), the duties under relevant safety regulations include 
ensuring a safe place of work and safe means of access to and from that place of work. 
In particular, Regulation 15,16 and 17 of the Construction Health, Safety and Welfare 
(CHSW) Regulations 1996 (HSE, 1996) require contractors to: 
i) ensure construction sites are organised in a way that pedestrians and 
vehicles can both move safely without risks to health; 
ii) ensure routes are suitable and sufficient for the use of pedestrian or 
vehicles; 
iii) control the unintended movement of any vehicle; 
iv) ensure warnings of any possible dangerous movement e. g. reversing 
vehicles; and 
v) make certain safe operation of vehicles including prevention of riding 
or remaining in unsafe positions. 
Interpretation of these regulations by the HSE inspectorate means that individual 
inspectors expect contractors to: 
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i) implement a traffic management plan as part of the health and safety 
plan; 
ii) keep pedestrians separated from vehicle movements e. g. plant slewing 
and loading; ' 
iii) maintain one-way traffic system(s) for minimised vehicle reversing and 
use trained banksman for signalling purposes; 
iv) use safety and warning devices; 
v) adopt appropriate maintenance systems; 
vi) train drivers and plant operators; and 
vii) ensure that workers wear high visibility clothing and other personal 
protective equipment (HSE, 2004b). 
Here, the overriding emphasis is to provide a culture of safe site, worker and machine in 
order to create a safer working environment. Yet clearly accident statistics reveal that 
additional measures are required to reduce accident rates to acceptable levels. 
3.3.2 General Reasons for Plant Related Safety Concerns 
Reasons for accidents are many and varied but in the context of vehicle/pedestrian 
collisions these reasons include the following: 
i) inadequate training and competence development of staff employed to 
both manage and operate plant and equipment. For example, a recent 
report, on the safe use of excavator quick-hitch device, has revealed that 
CPCS operators are not trained in the use of this basic safety device and 
hence, cannot be deemed to be competent (Edwards, 2007); 
ii) failure to separate mobile plant and equipment from pedestrians by way 
of designated transportation only routes; 
iii) failure to provide fully trained and competent banksmen as and when 
required; 
iv) inappropriate selection of mobile machinery; 
v) failure to keep mobile plant properly maintained; 
vi) stress and fatigue induced upon an operator due to long operating hours; 
and 
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vii) the tendency for pedestrians (workers and public) to stray within a 
machine's operating envelope (Edwards 2004). 
Another important contributor to safety concerns on a construction site is the 
complicated nature of the industry's supply chain. Due to high variability in 
construction environments and the increased complexity of construction processes, 
supply chain management is critical for successful construction management (Tserng et 
al., 2006). The contribution of specialist and trade subcontractors to the total 
construction process can account for as, high as 90% of the total value of the project 
(Nobbs, 1993). This highlights that in a construction project, major contractors are 
heavily reliant upon subcontractors (medium or small enterprises, so called SMEs) in 
order to complete the job on time and to a reliable standard. Unfortunately, SMEs in the 
industry are currently experiencing a dearth of skills within the workforce and the 
National Audit Office (NAO) has recently cited that only 22,000 people enter the 
construction industry every year via formal education and training routes (NAO, 2004). 
In addition, the Construction Skills (formerly known as Construction Industry Training 
Board or CITB) reported that many major contractors have reduced funding for training 
and are unlikely to provide any training to labour-only subcontractors (ibid). The supply 
chain and operatives within it, undoubtedly influence quality standards in the 
downstream (contractor/subcontractor) supply chain. Low quality subcontractors and 
reduced process conformity also effects the health and safety processes on a 
construction site. 
Guidance from the HSE (2002a) states that before awarding a contract, major 
contractors should discuss: 
i) a subcontractor's health and safety performance; 
ii) proposed working methods; 
iii) equipment brought onto site; and 
iv) the health and safety risks identified which the contractor's operation 
may create for other workers at the site. 
As the information from the subcontractors becomes available, it should be included in 
the health and safety plan for the construction phase which is required under the'CDM 
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Regulations (HSE, 1994). The problem here is that smaller companies working for 
larger organisations may not necessarily follow the same guidance to the same level of 
conformity because their goals may be different to the main contractors. In addition, site 
managers are under immense pressure to complete work on time and to budget. 
3.4 CURRENT USE OF ICT FOR SITE SAFETY AND 
COLLISION DETECTION 
As well as promoting the use of various `additional' aids and devices, PUWER 
advocates the need to identify risk sources (Edwards, 2004). The theory behind 
Regulation 28(e) is that a `specific' risk assessment (as each construction site is 
bespoke, with its own unique hazards) will allow industry practitioners to determine 
which tailor-made aids should be fitted to a machine to reduce the likelihood of an 
accident occurring. A wide range of aids and devices are currently available and these 
range from simple pencil beam and convex mirrors to radar (Edwards, 2004) and video 
systems (Everett and Slocum, 1993). Radar based object detection systems can detect 
static and moving objects in a pre-defined coverage area (Engineeringtalk, 2005) and 
will report the distance of the closest object via visual range indicators and an audible 
signal which alerts the vehicle operator (Perco, 2005). Radar based systems are the most 
widely used technology for collision detection (ibid). However, they are not particularly 
suited to work in dirty environments that contain airborne pollution or large objects 
which can trigger false alarms (Oloufa et al., 2003). To avoid such problems, GPS 
technology can be used to relay timely information to operators about other vehicles and 
pedestrians working in their immediate vicinity. GPS does not have the same inherent 
limitations of radar and the technology could be used to help reduce the occurrence of 
collision type accidents (Qinetiq, 2002). 
Collision detection safety systems developed for vehicles on construction sites can be 
broadly categorised into two types. These are vehicle collisions with other vehicles and 
vehicle collisions with pedestrians. To avoid vehicle collision with other vehicles, the 
Fujita Corporation developed and implemented a Tele-earthwork system aided by GPS, 
to operate backhoes, bulldozers, trucks and other construction vehicles, and equipment 
without plant operators (Oloufa et al., 2003). During the initial stages of the project, 
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each operator controlled one vehicle remotely, using several screens which showed 
images from a camera mounted on the vehicle and cameras located around the site. 
However, this situation denied true 3D view and required increased vigilance, and, 
frequent verbal warning exchanges between operators, to avoid vehicle collisions. As a 
result, GPS and wireless communication were used to provide real time tracking, based 
upon a collision detection algorithm that calculated the intersection point of two vectors 
representing two moving vehicles. The vehicle and its GPS position (location) defined 
each vector. Once the intersection point was computed and the vehicles' speeds (from 
GPS) determined, the program then calculated the distance from the potential collision 
point to each vehicle location and the braking distance required for each vehicle. If the 
braking distance was higher than the tolerance value, then a collision alert message was 
sent to the vehicle(s) in question. 
To address vehicle collisions involving pedestrians, an equally innovative research 
initiative was conducted by Abderrahim (2005). This collision detection research sought 
to achieve pedestrian safety by utilising a human safety system where the worker's 
helmet contained miniature positioning and communication instruments. The position 
and identity of each worker was periodically, wirelessly communicated to a central 
monitoring station where the information was compared to a database comprising of 
predetermined tasks and processes carried out at the site. If a given worker strayed into 
a location which the system considered to be hazardous, an alert signal was 
communicated to the endangered worker, via alarm or voice, using headphones fixed to 
the helmet. 
3.5 JUSTIFICATION FOR EQUIPMENT SELECTION 
Earthmoving equipment is a generic class of machines that include dozers, loaders, 
scrappers, hydraulic excavators, haulers, graders, trenchers and compactors (Edwards et 
al. 2003). Machine selection decisions on a construction project are based upon the 
nature of the task, site conditions, volume of material to be moved, type of material and 
time available (Nunnally, 2000). As exhibited in Table 3.2, amongst various types of 
machines, excavators are one of the most versatile and diverse pieces of equipment 
(Harris 1994; Caterpillar Inc. 2005a; JCB 2005). As a prelude to employing emerging 
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technologies for improved health and safety of plant and equipment, excavators are 
examined for this research work for three reasons. 
Firstly, the diversity of applications (see Table 3.2) has helped in the increased 
popularity and demand of the machine (Mintel 2005). In particular, mini and crawler 
excavators have shown a significant rise in sales (see Figure 3.3) reflecting the major 
role these versatile machines play on a modern construction site. 
Figure 3-3: Sales (in No. ) for all companies in the UK from 1995 to 2004 (Source: JCB) 
Excavator Sales 
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Secondly, according to the HSE (2004b) the widespread usage of the machine has 
resulted in increased workplace transport accidents. In a recent HSE report (ibid) the 
problem of all round visibility was cited as being an underlying `causal' factor of many 
plant related accidents investigated. Moreover, the HSE reported that accidents 
involving a range of excavators often include people being struck by cabs, 
counterweights or backhoes when the excavator is slewing; this reinforces the fact that 
a driver's vision is impaired at the back by the counterweights and on the right-hand 
side (excluding the mini excavator type) by the mast of the machine. 
Thirdly, the various makes and models of machines operate differently and therefore 
causes of accidents may be dissimilar. As a result, in order to reduce variance in the 
research one machine type was selected where future work may follow the same 
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methodology to enhance the proposed system (outcome of this research) into a more 
generic system for all plant types. 
Thus, taking these three reasons into account, excavators were selected for this 
particular research in order to address the health and safety concerns of managers on a 
construction site where workers are operating in close proximity of these machines. 
3.6 CHAPTER SUMMARY 
This chapter has presented classification of plant and equipment, typical operations and 
sales. It examined the most popular plant type and the health and safety concerns 
associated with them. The chapter has also examined various existing technological 
applications for improved machine performance and productivity. 
A detailed analysis of plant related accidents incurred by the construction workforce 
was carried out for the period 1994-2004. It was highlighted that the extensive use of 
plant and equipment has resulted in a consistent trend of workplace transport accidents 
on construction sites. In addition, the review has drawn attention to the problem of all 
round visibility in certain type of machines where a driver's vision is impaired. For 
instance, in case of telescopic handlers and excavators, the operator's vision is impaired 
on the right-hand side by machine's mast. Likewise, an excavator operator's visibility is 
minimised at the back of the machine due to its counterweight. The chapter also 
reviewed the current use of ICT for collision detection and site safety. It is concluded 
that plant related accident rates remain unacceptably high amidst these efforts. It is 
proposed at this juncture that emerging ICT systems should not only be explored for 
superior plant management on construction sites but also for improved operator 
awareness and site safety. 
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CHAPTER 4 
EMERGING INFORMATION AND COMMUNICATION 
TECHNOLOGIES 
4.0 INTRODUCTION 
The previous chapter demonstrated the positive correlation that exists between plant 
and equipment usage on construction sites and accidents involving plant/pedestrian 
collisions. Worryingly, these accidents have remained relatively high year on year, 
despite substantial efforts of industry and academia to reduce them. Clearly, this trend 
reveals that additional measures, controls, systems and procedures are required to 
reduce accident rates to acceptable levels. 
Advanced ICT, whilst not the total solution, may provide practitioners with a useful 
means with which to monitor, record and learn from the interaction that exists between 
pedestrians and vehicles on a construction site. This chapter explores the advancements 
and trends in the use of emerging ICT and investigates how plant managers and 
operators can further exploit these technologies (and information created by them) for 
the benefit of better plant management and safety on construction sites. 
4.1 EMERGING ICT 
Plant and equipment utilisation may improve the productivity, efficiency and cost 
effectiveness of construction projects (Edwards et al., 2003; Kim and Russell, 2003) but 
mechanisation is not the only resource at a contractor's disposal. Unprecedented 
advancements in ICT have resulted in improved business processes and working 
environments throughout various industries (Chan, 2000) and the construction industry 
is no exception (Cheng et al., 2006). Practitioners within the industry have capitalised 
upon these advancements through the adoption of various technologies ranging from 
mobile communications for on-site collaboration (Bowden and Thorpe, 2002) to e- 
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tagging of building products for improved information flow throughout the supply 
chain (Constructing Excellence, 2005). 
Given the fact that the use of both ICT and plant and equipment can improve 
organizational efficiency, some researchers and plant manufacturers have attempted to 
combine the two resources to produce hybrid ICT solutions for improving machine 
performance (Beliveau, 1996), increasing productivity (Navon, 2005), providing 
improved operator support through operator specific information (Caterpillar, 2005a), 
lowering operating costs (Edwards et al., 2003) and enhancing maintenance 
management (Network Rail, 2005). Consequently, machines have been fitted with: 
  on-board computers, software and integrated Management Information Systems 
(MIS) for the control and monitoring of mechanical operations (Peyret et al., 
2000); 
  automated data collection mechanisms for earthmoving performance 
measurement (Navon et al., 2004), improved operation quality of equipment (Li 
et al., 1996) and operation analysis to identify critical events occurring in 
machine production cycles (Hildreth, 2003); 
  Global Positioning Systems (GPS) and sensor technologies which are used to 
monitor and record real time positioning, vehicle tracking and collision 
detection for improved machine productivity and safety (Oloufa et al., 2003; 
Qinetiq, 2002), equipment health monitoring and collision-free vehicle travel 
path planning (Kim, 2003); 
  wireless communication technologies for wireless information services and data 
transmission (Garza and Howitt, 1998); and 
  fleet management systems (including aspects relating to finance, inventory and 
maintenance) for advanced plant management solutions (Caterpillar, 2005a). 
More recent technological advancements have witnessed the increased demand for 
technologies such as: Micro-Electro-Mechanical Systems (MEMS), Wireless 
Communication (WC) and Sensor Networks (SN) for intelligent sensing (RFID Journal, 
2005a; Akyildiz et al., 2002); mobile computing applications for user-centred mobile 
work environments (COMIT, 2005a); and Radio Frequency IDentification (RFID)'tags 
for tracking and identification (CPI, 2000). The potential application of these latest 
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clutch of technologies to mobile plant and equipment management has yet to be 
explored fully, however, the palpable benefits that could be derived are considerable. 
Given the wide range of ICT solutions now available and the exponential pace of 
technological development, it is considered important to first define a scope of 
discussion on ICT for this research. Figure 4.1 lists the technologies explored for this 
study; these range from long-established technologies (such as MIS), to relatively 
recent innovations (such as wireless communication, mobile computing and positioning 
technologies), to emerging developments (such as Automatic Identification and Data 
Collection e. g. electronic tagging). These technologies were selected through a 
literature review because of their inherent potential to address practitioner concerns 
over plant related health and safety on construction sites. Moreover, application of these 
technologies could improve vehicle management and site safety. Technology domains 
referred to in Figure 4.1 are now reviewed to provide a concise critique. 
4.1.1 Management Information Systems (MIS) 
MIS are integrated, user-machine systems for providing information to support 
operations, management and decision making functions within an organization 
(Williams, 1997). In, basic terms, MIS is a system into which defined data are collected, 
processed and communicated to assist managers and business analysts (Collier and 
Dixon, 1995). Figure 4.2 describes fundamental aspects of a MIS; it depicts a computer 
based system (consisting of software, hardware and data sources) which may also co- 
ordinate with other systems. The system processes data to provide managers with the 
tools for decision making and performing their tasks more efficiently. 
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4.1: Scope of discussion for emerging ICT 
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Information systems can play a key role in the construction industry where the rapidly 
changing nature of the industry is recognised and business processes are constantly 
reviewed for increased efficiency, speed and quality of service and product and reduced 
costs (Kelly et al., 1997). Various information systems are available in the construction 
plant sector of the industry. According to Caterpillar (2005b), these systems maintain a 
wide range of information on a machine's assignment; production and performance; 
operation and maintenance. However, the literature highlights that there is a need to 
develop a more comprehensive management system for construction plant and 
equipment that shares information among different software applications rather than 
each application maintaining its own subset of information. The envisaged benefits of 
such a hybrid system include: integration with other existing systems and industry 
solutions (e. g. training and personnel information of operatives, maintenance etc. ); 
streamlined operation and improved management of plant and equipment by sharing 
information readily among various technology platforms; and flexibility with regards to 
customisation to allow the needs of the plant related workforce to be met. 
4.1.2 Wireless Communication and Mobile Computing 
According to O'Brien (1999), ICT provides a diverse set of technological tools and 
resources that offer services ranging from information creation and management to 
providing business support whilst communicating, undertaking decision making and 
formulating problem solutions. Within the domain of ICT, Wireless Communication 
(WC) consists of a communication system where at least one user is always on the 
move (Shafi et al., 2002). This concept of the mobile user has resulted in paper-based 
processes being replaced by electronic-based information exchange where timely and 
relevant information can be accessed wherever and whenever required (Garza and 
Howitt, 1998). 
WC systems deliver computing power to mobile users by combining the assets of two 
major technologies, namely: platform and transmission technologies (Yen and Chou, 
2000). Platform technology (such as portable computers, personal digital assistants and 
other wireless enabled handheld devices) provides users with mobile desktop 
application software and intranet/internet access (Symbol, 2005). Transmission 
technology consists of applications with a communication infrastructure that can send 
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and receive data to and from the platform devices (Yen and Chou, 2000). For WC, the 
transmission infrastructure may consist of terrestrial and/or satellite components to 
form networks such as cellular and satellite systems or Wireless Local Area Networks 
(WLANs) (Shafi et al., 2002). 
. 
Advances made in wireless technologies have underpinned a new concept in 
computing, entitled mobile computing (Pierre, 2001). In turn, the widespread use of 
mobile computing has lead to a variety of new mobile applications being developed 
which enable flexible connectivity between project participants to be achieved 
(Brandon et al., 2005). The key advantage of mobile computing (over and above access 
to services, for example, the web, corporate Intranet and databases) is that applications 
can be developed to meet the specific needs of a mobile workforce (Pierre, 2001). For 
example, geotechnical engineers at Network Rail, responsible for the maintenance of 
earthwork structures throughout Britain, had to complete vast amounts of paperwork 
whilst determining the location and condition of track and supporting earthworks 
(Network Rail, 2005). Consequently, a Pocket PC application was developed, which 
enabled the engineers to accurately identify and assess asset location and condition. The 
data from the application was later imported and synchronised into a database, which 
not only proved to be a faster way of data collection, but also illustrated a means 
through which proactive maintenance planning and inspections of the supporting 
earthworks could be made. 
In the construction industry, the need to address the information requirements of a 
mobile construction workforce has long been understood (Garza and Howitt, 1998). 
Consequently, in order to exploit the potential of emerging wireless and mobile 
communication technologies, many research projects have focused on the application of 
these technologies in a construction context. Some of the most prominent applications 
are reviewed and listed in Table 4.1. The table shows that there have been consistent 
efforts to develop a mobile WC system to consolidate the needs for all sectors within 
the industry. The table also underlines that these attempts have predominantly focused 
on wireless data: collection; access; transmission; and display to users on construction 
sites. 
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Despite this apparent growth in WC research, many reasons have been cited for the lack 
of widespread adoption of mobile computing in construction (Bowden et al., 2006; 
Bowden and Thorpe, 2002) including the: 
  perceived high initial equipment and operative training cost; 
  perceived lack of rugged devices and hardware limitations e. g. screen size, time 
consuming data entry on handheld devices, battery life etc.; 
  perceived negative attitude towards technology in general and resistance to 
change; 
  perceived complexity of application deployment; 
  lack of understanding of user requirements; and 
  lack of standardisation and integration of technology in the construction 
industry. 
Nevertheless, with the decreasing costs, fast pace of mobile-ICT related technology 
advancements and successful adoption of technology in other industries, it has become 
possible to address many of the technology related limitations of mobile ICT 
deployment in the construction industry. 
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4.1.3 Positioning and Tracking Systems 
Mobile technology and wireless systems can further streamline business processes 
when combined with positioning systems (Intel, 2005). A positioning system typically 
determines accurate and real-time position measurement information of points or 
objects (Beliveau, 1996). However, a basic distinction can be made between tracking 
systems (where a system of stationary sensors determines the location of a mobile 
object) and positioning systems (where the location information is determined by a 
sensor on the mobile object itself) (Sarikaya, 2002). Typical examples of tracking and 
positioning systems are listed in Table 4.2, these include infrared, ultrasonic, GPS, Wi- 
Fi, Bluetooth and RFID based positioning and tracking systems. 
A distinctive example of a positioning system is a Global Positioning System (GPS). 
GPS is a commonly used position and navigation system consisting of 24 satellites that 
act as reference points for receivers on earth (Navon et al., 2004). Using a constellation 
of satellites that transmit precise microwave signals, the system provides the GPS 
receiver with real-time positioning, velocity and time determination capability to an 
appropriate accuracy (Drane and Rizos, 1998). The positioning system is sufficiently 
flexible and robust, that it can be combined with other auxiliary technologies such as 
proximity sensors and LANs (Qinetiq, 2002), collision detection algorithms (Oloufa et 
al., 2003), Geographical Information Systems (GIS) and wide area networks (Li et al., 
1996). A very common application of GPS is in real-time tracking systems due to their 
ability to identify the location of vehicles and/or objects (Qinetiq, 2002; Oloufa et al., 
2003). 
More recent developments in positioning systems include radio-transmission-based 
positioning technologies (Yoshitsugu et al., 2007). These technologies use methods of 
positioning the target (regardless of it being indoors or outdoors) according to the 
difference in the times of received radio waves and detecting if the target is inside the 
target area according to the signal strength (ibid). Some of the most commonly used 
radio-transmission-based positioning technologies are: 
72 
M 
N 
fi 
ISS 
Wir: 
; ti 
ä ýý 
;ý 
ýý 
. 
; ýý 
a) 
O ö 
U 
N 
r. + 
I 
5 
U 
N 
CO 
H 
d 
c d L 
w 
a 
PC 
ýL 
u H 
d 
A 
ö 
° 00 ö 
N 
OOO 
OOÖÖNNN 
N 
Ln O0UU NN LnO 
QCC 
'CS 
3ýý3x x3 x 
E 
U) y 
Vl V1 U) teil (n Gn 
vý'i rý bA 
y CQ vU'i 
HäZ 
e° S '> 'c 2 
v 
-° öcQU aci 
(9-0 0 
one ý F' ,e aý ce 3 aý vý ate, -ö 
3 U 'fl °U t- ý. ' ;eUa tu a=UZNN 
O 
-0 CJ `° °Zu, -3EEOouer CM - ., a) v, 0 C. Op m- cd CU m= U_= 
8- .yVUGU t+ 
5° 
. fr 
, KIr c O° 0U0 '° 
alöi -I ääpycCovo w cL' 
abwU OQ '' } 4ce, fV cUyvC +U+ 
WuUU 
eý U2Cý. .rU TJ rn of OO 
UZ r_ I-i- >c GM 4) 
UOZW-e, Op 
.CUý, ed 0 LA 
r. - 
m ei 
v 
mcc cue cSy °ý °" °'a s ý9a cu. v 
öc3 °' ra w> cc g) :ýo20QrL- 
cU. ca 3".. 
bc2wE! 52säc 4) a3- öu ru N ai va'ä 
'- >äö aý C7 ý' 'N on 
0 ;20 
Li Eo ^o 0cc .+. uHwt x' 
ö 
r. UnC¢. 
OO. y- 0 rn L E° U C3i O' 
3 
4. m 1j 
y bA 
cn -o 
°15 °ä CU ac `K$ c°> 0 e° öcy 
°o' E o= v, t° .-ö cu UGä.. 
2w 
4411 cu Ec rý V= avi 
S. G cc c °' op c 
1r . '0, + C Vl 
a .D°UO 
Qý . Gll 'OEcLN°O 
3' °", ' ° ý' °cw3xZý° aý aý 
caa tU) mwaooooc con U* aýý c ý"ä .c 
äw-ß" 
O cd Obw vý O cO wUc rn O Eüö 
12 ä E- 5 "= 
öc 
CO) 
U)d 
öcö °a 
yEowQv0 to u .ay .- cd >- fn C 
UO 
öö n° °' 0°0w e9 4. ) 
S"E b ý " L ä Q Q wÜ iöä V xE-ýwaE-ý 
ZRiaz Chapter 4: Emerging Information and Communication Technologies 
  RFID based tracking in which RFID-based active or passive tags are activated 
by proximity to a reader. The location of the moving tag is deducted from the 
location of the reader (Brown, 2007); 
  Wireless LAN (WLAN) based tracking which determines the position of a 
wireless LAN client based on the arrival time and intensities of radio waves 
(Yoshitsugu et al., 2007); 
  Bluetooth technology which works on the same principle as WLAN-based 
positioning and is designed as a short-range wireless connectivity solution for 
personal, portable and hand-held electronic devices (Aziz, 2005); and 
  Several cellular-network-based wide-area location systems have been used in 
recent years, which for location determination involves measuring signal 
strength, angle of signal arrival and/or time difference of signal arrival (Xiang et 
al., 2004). However, accuracy of these location systems is highly limited by the 
cell size (ibid). 
Figure 4.3 shows the current and predicted deployment of location tracking 
technologies. In this figure, the horizontal span of each box shows the range of 
accuracies the technology covers. The lower end of the vertical axis shows current 
deployment of technology whereas the top boundary shows the predicted deployment. 
over next several years. It is evident from the figure that the widest existing 
deployments are based on GPS, wireless networking technologies, Bluetooth and RFID 
for tracking. Moreover, the increased deployment of RFID technology for location 
aware applications is notable. 
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Figure 4.3: Location sensing technologies (Source: Hazas et al., 2004, p96). 
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In recent years, research has been conducted to explore the potential of location 
tracking technologies for construction applications (Giroux et al., 2002). Table 4.3 
reviews some of these applications and highlights that GPS based location-tracking 
technologies have predominantly been used to support field work in the industry e. g. 
typical applications include real-time tracking, monitoring and control of construction 
plant, material and/or workers. 
However, GPS has certain limitations such as positional accuracy to a few metres range 
(0.5m to 5m); consequently the technology becomes redundant when objects (e. g. 
construction vehicles) are closer to each other than the accuracy range (Qinetiq, 2002). 
In addition, GPS signals become unreliable when it is applied for tracking construction 
vehicles in a dense urban environment (Lu et al., 2007) and harsh operating conditions 
(e. g. quarry/mining projects, difficult and varying terrain types, harsh weather 
conditions etc) (Qinetiq, 2002); such scenarios are prevalent within construction sites. 
Therefore, other support technologies e. g. RFID and Bluetooth technologies must be 
explored to fill the capability gap (Lu et al., 2007). 
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4.1.4 Automatic Identification and Data Collection (AIDC) Technology 
In recent years automatic identification systems have become increasingly popular in 
wider industry to provide information about people, animals, goods and products in 
transit (Finkenzeller, 2003). Figure 4.4 gives an overview of various automatic 
identification systems in use along with a brief description of each system type. 
RFID is an Automatic Identification and Data Collection (AIDC) technology offering 
non-contact reading and has proved highly effective in hostile environments where bar 
code labels (that require manual scanning) could become damaged (COMIT, 2005b). 
The RFID tags are capable of storing data and use radio waves to transmit the identity 
of an inanimate object or a person wirelessly (RFID Journal Inc., 2005b). More recently 
the combination of GPS and RFID e-tags has made real-time tracking of inanimate 
objects or people a reality via an ability to precisely locate c-tagged objects, even in the 
most remote and inhospitable areas (Collins, 2005). 
Figure 4.4: Overview of the most important auto-ID procedures (Adapted from Finkenzeller. 2003). 
Barcode Stem 
Sequence of bars and gaps that can be 
j interpreted numerically and alphanumerically 
j through optical laser scanning. Fingerprint 
procedure 
Optical Character Recognition '- Biometric MM 
Special torts that are hoth machine and I Procedures that identifs people bs Voice º human readable Less popular due to 
'f 
comparing unmistakable and Identification 
high price and complicated readers. individual physical characteristics 
Retina 
Identification 
Smart Cards 
An estorage \ stem, possibly with additional 
Ro 
smart ý 
II 
electronic Closch related to scards 
computing aids. in a credit card size casing The card ýHotvever, power supply and 
is energised from the reader via the contact surface iinfiormation exchange is via radio 
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RFID: Technology Description 
A typical RFID system (as part of a complete RFID solution) is shown in Figure 4.5. 
The figure illustrates that such a system consists of following; two basic parts: 
a transponder (the RFID tag) which is the data carrier; and 
ii. an interrogator (the reader) which is a read/write device. 
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The reader transmits radio-frequency signals which not only provides a means of 
communication with the RFID tag but also energises the tag to communicate back to 
the reader. When a tag enters the interrogation zone, it detects the activation signal from 
the antenna of the reader. This triggers the RFID tag which then transmits the 
information it carries back to the reader. The figure further highlights that the data 
collected by the RFID system can be further forwarded and integrated with other 
enterprise and business applications such as Enterprise Resource Planning (ERP), 
Supply Chain Management (SCM), Customer Relationship Management (CRM) etc. to 
support business operations. 
RFID tags come in a variety of shapes, sizes and characteristics (COMIT, 2005b). The 
classification of these tags is given in Table 4.4 which categorises the tags according to 
their configuration and the means by which they transmit signals back to the reader. 
This table highlights that tag selection for any RFID application is significant and 
challenging. The decision takes into account various factors e. g. operating frequency 
(see Appendix B), cost, storage capacity, communication range, tag reusability, battery 
life etc. 
RFID: Applications 
Several RFID based solutions have been investigated or have been developed to solve 
complex business problems in many industries (Su and Liu, 2007). Table 4.5 
categorises typical RFID applications along with potential benefits and associated 
concerns. The table divides these solutions into several types namely: tracking and 
tracing of items; electronic payment; access control; and telematics. The table also 
highlights that the tracking and tracing of items is the most widely used application type 
for RFID because it can uniquely identify the (tag carrying) object along with time, 
location and any sensor based information (COMIT, 2005b). However, the ability of the 
technology to trace items and individuals has raised privacy concerns among public and 
system users. Thus, there is a need to be considerate to these concerns when designing 
or implementing such systems. 
RFID, due to its ability to provide real-time information and range of applications in 
other industries (as seen in Table 4.5), has also attracted the attention of the 
construction industry (Jaselskis and El-Misalami, 2003). To date, researchers have 
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conducted pilot studies and proposed a variety of system deployments for the industry, 
which have been reviewed in Table 4.6. The table demonstrates implementation of 
RFID in various sectors of the industry e. g. supply chain management, facility 
management, maintenance and inspections, resource management etc. However, the 
reviewed applications clearly highlight that the majority of RFID based investigations 
have focused on the domain of supply chain management and material tracking. Hence, 
the rationale to explore RFID applications when applied to other activities within the 
industry e. g. plant and equipment management, health and safety on construction sites, 
accident management etc. 
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Z. Riaz Chapter 4: Emerging Information and Communication Technologies 
4.2 CHAPTER SUMMARY 
Within the UK industry, advanced ICT solutions have been developed and implemented 
to improve business processes and procedures. As a result of this early pioneering work 
coupled with the declining cost of technology, the construction industry has begun to 
adopt various emerging ICT solutions. A review and critique of various technologies, 
that are considered suitable for improved vehicle management and safety, were carried 
out. The reviewed technologies include: 
  MIS and the need to develop a comprehensive management system for plant and 
equipment; 
  wireless communication and mobile computing, applications of these in the 
construction industry and perceived barriers to adoption; 
  positioning and tracking systems, various applications available for location 
tracking and how the construction industry has benefited from them; and 
  further investigation of a tracking and identification technology i. e. RFID, how 
it is employed in other industries and how the construction industry has 
benefited from it so far. 
The review revealed that GPS can become unreliable under harsh and varying nature of 
construction sites. There is a need to explore other supporting technologies and the 
potential of these to improve machine safety and productivity performance e. g. RFID 
for tracking and automatic data collection purpose. Moreover, there is a need to 
investigate the potential of RFID application for plant management, health and safety 
on construction sites and accident management. 
It can be concluded from the appraisal of the aforementioned technologies that there is a 
need to develop a comprehensive management system that integrates these recent 
technologies for the benefit of construction industry in general and for plant and 
equipment management in particular. 
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CHAPTER 5 
CURRENT HEALTH AND SAFETY PROCESS FOR 
CONSTRUCTION PLANT 
5.0 INTRODUCTION 
Health and Safety Executive (HSE) statistics on plant and equipment related accidents 
in the UK construction industry indicate that a re-evaluation of existing safety systems 
and processes should be employed. This research therefore examined existing plant and 
equipment related health and safety practices employed by the UK construction 
industry. Consequently, a critique of these practices was provided to highlight issues 
and causes for safety hazards due to construction plant and equipment. 
Case studies based upon five construction projects attempts to observe, record and 
report upon standard safety practices for plant and equipment in the construction 
industry. Consequently, weaknesses in the existing processes were identified in order to 
determine why the adopted safety practices have failed to protect workers working in 
close machine proximity. In order to ensure that the observed work practices could be 
accurately recorded, Data Flow Diagrams (DFD) were used as a modelling tool. In 
addition to the documentation of current processes, the modelling technique helped in 
requirement analysis for any potential process improvements (by using technology in 
particular). 
5.1 METHODOLOGY ADOPTED FOR PROCESS 
DOCUMENTATION AND ANALYSIS 
Case studies of five construction projects (see Table 2.8, Chapter 2) involving members 
of the Major Contractors Group (MCG) were conducted to investigate: their current 
health and safety processes for plant and equipment; and to determine the likely causes 
for unsafe practices on a construction site. One of the strengths of the case study 
approach was that it allowed the researcher to use a variety of research methods as part 
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of the investigation (Denscombe, 2003). The methods for this research involved 
conducting semi-structured interviews, direct observation on construction sites 
(recorded by keeping a diary) and investigation of project documents. 
Key developments that came out of the multiple sources of data were used to develop 
process models by employing DFD as a system modelling tool, see Figure 5.1. The 
figure also shows that two types of DFDs were developed for the on-site plant health 
and safety process, namely: (i) a project level DFD; and (ii) a DFD that depicts standard 
practices in the UK construction industry. The second type of DFD was discussed with 
the interviewees as part of a validation exercise which involved an iterative process 
where the evaluator's feedback was used to update the process model. 
Figure 5.1: Use of a multiple case study approach to map plant health and safety processes employing a 
DFD as a modelling tool. 
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A major problem faced during the data collection process related to the fact that health 
and safety issues are regarded as strictly confidential and controversial by many 
individuals within highly competitive construction companies. Because of this, it was 
noted that interviewees often talked about their experiences in general or those of other 
construction projects rather than being explicit about any health and safety 
problems/incidents that had occurred on their current site; this despite assurances of 
total and complete anonymity for all interviewees. 
5.2 EXISTING PROCESS FOR ON-SITE PLANT HEALTH AND 
SAFETY 
There is a growing concern within the industry for occupational health and safety 
despite the implementation of various regulations, initiatives and best practice guidance 
because the number of deaths and injuries in the construction sector remain 
unacceptability high (HSE, 2003). The Construction (Design and Management) 
Regulations 1994 (CDM) set by the HSE require that health and safety is taken into 
account and managed throughout all stages of a project, from conception, design and 
planning through to site work and the subsequent maintenance and repair of the 
structure (HSE, 2004c). The HSE requires contractors to take health and safety 
management and legislations into account when: 
i) preparing for work at the preconstruction phase e. g. planning and organising; 
ii) setting up the site during the construction phase e. g. site access, emergency 
procedures, reporting injuries and dangerous occurrences, site rules; and 
iii) managing construction works e. g. site management and supervision, site 
traffic and mobile plant management, occupational health risks, protective 
equipment and monitoring and reviewing. 
Moreover, health and safety management specifically targets mechanical plant and 
equipment usage on a construction site (HSE, 2006a). Therefore, management should 
be fully conversant with both the potential risks faced by employees working with or 
near to plant and equipment and the effective health and safety systems and procedures 
employed to mitigate such risks (Edwards et al., 2003). 
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In this section findings emerging from the five case studies (see Table 2.8, Chapter 2 for 
the list) are introduced in the form of a `standard' health and safety process for plant 
and equipment on a construction site in the UK (see Figures: 5.2; 5.2.1; 5.2.2; 5.2.3; 
5.2.3.1). The DFDs for individual construction projects are presented in Appendix C. 
The DFD was developed from the perspective of a principal contractor, who is normally 
appointed under the CDM regulations 1994. According to the regulation, the principal 
contractor is usually the main or managing contractor for the work and is needed to 
plan, manage and co-ordinate work while construction work is being carried out (HSE, 
2007). The HSE (2006a) indicates that the principal contractor has more formal 
responsibilities for securing health and safety on site. This includes gathering as much 
health and safety information about the project and the proposed site before work 
begins. 
Figure 5.2 depicts a DFD for on-site plant health and safety processes used on a 
construction project. The figure highlights that initially the principal contractor puts 
together a project plan based around the company's procedures. This plan, along with 
the risks identified by the risk assessment, help formulate a method statement. Method 
statements are not required by law but they have proved to be a practical management 
tool (HSE, 2006a). The statements include a description of all the control measures to 
be implemented and help to describe (in a logical sequence) how a job is to be carried 
out safely and without risks to health, safety or welfare (ibid). 
The contractor's plant requirements are derived from the project plan and method 
statements. They have three main choices available to meet plant requirements and 
these are: (i) purchasing plant for the contract; (ii) hiring existing company owned plant; 
and (iii) hiring plant from external sources (Seeley, 1993). A wide range of plant is 
readily available from external plant hire companies as it is not usually economical for 
contractors to own plant unless they can ensure a 70-80% utilisation factor during 
normal working hours (ibid). The Construction Industry Board (CIB) publication 
entitled "A Code of Practice for the Selection of Subcontractors" specifies the selection 
process as: (i) qualification; (ii) compilation of tender list; (iii) tender invitation and 
submission; (iv) tender assessment; and (v) tender acceptance (Evans, 1998). 
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To subcontract plant and equipment specific work to a plant company, it was noted that 
in all the cases an extensive pre-start meeting is carried out where: 
  the approved subcontractor is selected; 
 a generic risk assessment is carried out to find out the type of plant required and 
purpose of the deployment; and 
 a generic method statement is prepared to identify and highlight all risks. 
These documents establish the basic performance requirements of machinery and 
identify the specific items of plant needed for the project. However, some interviewees 
highlighted that in practice, plant and equipment can be brought urgently, without 
planning, to cope with surges in demand or to take into account unforeseen events etc. 
In such cases, the processes of pre-start meetings and preparation of method statements 
may not always take place. 
It is commonly accepted now that all method statements must address on-site health and 
safety issues. However, the broad range of risks posed by job specific operations are 
commonly dealt with in the formulation of a health and safety plan (Evans, 1998). The 
plan usually develops with the project and involves two distinct phases i. e. pre- 
construction (design and planning) and construction (HSE, 2006a). The research 
undertaken also showed that the method statement and project risks are taken into 
account to develop a health and safety plan. Part of this health and safety plan along 
with the identified risks and method statements are also exchanged with the 
subcontractors (see Figure 5.2). Figure 5.2 further highlights that a health and safety 
plan addresses plant and equipment related risks and highlighted hazards more 
distinctively. This is discussed in greater depth in the following section. 
5.2.1 Plant Specific Health and Safety 
Figure 5.2.1 describes in detail the plant and equipment specific health and safety 
practices currently employed on MCG construction projects (as observed during the 
case studies). Four major practices were observed, these are: i) plant acceptance test; ii) 
operator training; iii) risk assessment; and iv) machine maintenance. 
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i) Plant Acceptance Test 
The selection of a plant contractor in a construction project depends upon the 
company's assessment on equipment health and workforce competence (e. g. 
Construction Plant Certification Scheme or CPCS cards). To meet plant specific health 
and safety requirements on a construction site, the interviewees (health and safety 
managers) pointed out that all machines coming to a site have to undergo an acceptance 
test completed by the contractors. The machines are checked for 6/12 monthly plant 
certificates or certificates of conformance in addition to compliance with legislations 
e. g. Provision and Use of Work Equipment Regulations 1998 (PUWER) and Lifting 
Operations and Lifting Equipment Regulations 1998 (LOLER). Subcontractors also 
provide maintenance information with all plant and equipment they supply, to enable 
machines to be used and maintained safely. 
ii) Operator Training 
All plant and powered equipment must be operated only by trained operators who are 
authorised to operate it (Bielby, 1992). It was verified on the MCG member sites that all 
plant operators/drivers are checked to ensure that they have a CPCS card and are given 
site induction for the current project. The CPCS is not the only competence scheme but 
it is considered to be the most prevalent since it is managed by a board of employers 
and members of industry bodies such as the Construction Confederation, the 
Construction Plant-Hire Association (CPA) and the Health and Safety Executive (HSE). 
It is also part of the Construction Skills Certification Scheme (CSCS). The scheme is 
judged to be a minimum level of conformance albeit other reputable schemes such as 
International Powered Access Federation (IPAF) or Prefabricated Access Suppliers' and 
Manufacturers' Association (PASMA) are equally accepted. 
Recently, the CPCS scheme was criticised by the HSE who stated that ownership of a 
CPCS card does not mean that the operator is competent. This as a result of several 
fatalities involving machine quick hitches because it was apparent that operators had not 
been trained in the safe use of this device. 
iii) Risk Assessment 
A robust risk assessment procedure is essential for the control and management of the 
construction process in order to avoid situations where unplanned events can occur and 
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cause harm (Clarke, 1999). As part of the observed health and safety process (see 
Figure 5.2.1), the construction activity is risk assessed including plant risk assessment 
where machine hazards, people at risk and reliability of existing precautions are 
identified and reviewed. 
Logistics and plant distribution should be identified before work commences on a 
construction project to provide segregation of pedestrians from vehicle movements and 
to ensure safe operations of vehicles (HSE, 1996). According to the recommendations 
by the HSE (2006a) a programme of daily visual checks, regular inspections and 
servicing schedules should be set up according to the plant manufacturer's directions 
and the risk associated with the use of each equipment type. For the studied process, the 
interviewees stated that once plant operations commence, various methods, systems and 
procedures are implemented to reduce significant risks associated with these equipment 
such as: 
  effective traffic management plan and transportation routes. In order to separate 
plant from the roads, rigid and/or cone barriers are used and fixed pedestrian 
walkways and crossing points on the roads are established; 
  environmental plans are developed to reduce machine spillages for fuels and 
oils; 
  maintenance and inspection plans are prepared to ensure that machines remain in 
a safe operational condition; 
  operator induction, training and competence development; 
  use of safety equipments for all round awareness by plant operators; and 
  establishing written safe working procedures. For instance, a set of site safety 
rules and requirements for Personal Protective Equipment (PPE) are established 
and delivered to workers and subcontractors. Banksmen on construction sites 
and operators on rail works are provided with orange high visibility vests so that 
they can differentiate them from other workers 
iv) Machine Maintenance 
The principal aim of a maintenance department should be to provide an effective service 
which maintains a high level of machine reliability and availability at the `lowest 
achievable cost (Edwards and Holt, 2004). The adoption of a standardised routine of 
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periodic inspections, maintenance and record keeping aims at avoiding delays due to 
breakdowns and seeks to predict the length of machines' working life (Seeley, 1993). 
Figure 5.2.1 shows that plant items are referred to the maintenance 
department/subcontractors either in the event of breakdown or if a periodic service is 
required for efficient and safe operations. The process highlights that the subcontractor 
returns weekly plant inspection report which examines the working condition of plant 
e. g. cleaning and lubrication, oil, lights, safety mechanisms, machine maintenance, 
tightening or loosening of tracks, buckets tests etc. The plant is also inspected for lifting 
certification to assess the maximum load limit if the machine is used for lifting 
purposes. These periodic inspections are performed under the requirements of LOLER. 
5.2.2 Accident Investigation 
Effective accident investigation is a valuable means of learning from failure (HSE, 
2003). The Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 
1995 (RIDDOR) require that certain types of accidents (fatal injury; major injury; over 
3 day injury), specific cases of occupational ill health and dangerous occurrences have 
to be reported to the HSE (HSE, 2006b). Thus, reporting and recording these types of 
accidents, in addition to ill health at work, is a legal requirement. The benefits that 
accident investigation has to offer, include: (i) identifying the underlying basic causes; 
(ii) preventing the recurrence of similar accidents; (iii) identifying training needs; and 
(iv) providing information in case of litigation (Bielby, 1992). 
As part of the health and safety plan both general and plant specific accidents are 
investigated and documented according to HSE regulations. The DFD for accident 
investigation (Figure 5.2.2) highlights the standard practices for plant accident 
investigation observed during the case studies. These common practices are: 
  Any vehicle incident and near miss incident are reported, recorded and 
reviewed; 
  Once the accident is reported, its category according to a HSE definition is 
established and an enquiry is carried out by taking into account HSE 
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legislations, inspection reports, witness statements, training status of employees 
involved and risk assessments; 
 A record is kept of any reportable injury, disease or dangerous occurrence and 
this includes a method of reporting, the date, time and place of the event, 
personal details of those involved and a description of the nature of the event or 
disease; 
 A completed accident/disease report form (F2508/F208A) returned to the HSE is 
a legal requirement. A full investigation is then carried out by the safety 
department to find out the causes leading to the accident, post accident actions, 
lessons learnt and summary for the management; 
  Management then reviews what actually caused any accidents or incidents, what 
preventive measures need to be taken for the future and how existing procedures 
could be improved; and 
  The lessons learnt and newly identified hazards are then communicated to all 
other company projects. 
5.2.3 Training and Site Safety Awareness 
Training is the planned and systematic sequence of education, under competent 
supervision, designed to develop or improve the predetermined skills, knowledge and 
abilities required by an individual to carry out a task to a specific standard (Taylor, 
2004). Regulation 9 of PUWER places a strict duty on employers to ensure that all 
persons who use work equipment have received adequate training. This requirement is 
for the purpose of health and safety, including: training in the methods which may be 
adopted when using plant; any risks which such use may entail; and the precautions to 
be taken (Stranks, 1996). 
Consequently, the studied health and safety process for plant and equipment highlighted 
certain training and site safety awareness aspects (see Figure 5.2.3) which are: 
  Training needs analysis and plans are developed which outline in a standardised 
format the training to be given and the appropriate delivery methods; 
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  Induction training is given to all site visitors including new employees on the 
project, client(s), members of the public and visitors to the site, delivery drivers 
and logistic workers; 
  Implementation of the training plan; employee training records are also checked 
to determine the need of any new training; and 
  When required, the workers are given external/in-house training (see Figure 
5.2.3.1). 
The site safety awareness covers various aspects. For example, the research showed that 
workers dealing with plant and equipment are made aware of their work through daily 
activity briefs. In addition, the operators are made aware of the banksmen positions. 
5.3 THE CAUSES OF SAFETY INCIDENTS INVOLVING 
MOBILE PLANT AND EQUIPMENT 
Whilst the UK construction industry complies with extensive legislation for health and 
safety of its workforce, in reality one third of all work fatalities happen in the 
construction industry and construction workers are six times more likely to be killed at 
work than employees in any other sector (HSE, 2003). A similar situation exists for 
non-fatal accidents (! bid). 
HSE accident statistics for plant related accident categories (i. e. `contact with 
machinery/material being machined' and `struck by moving vehicle') demonstrate a 
fairly consistent accident trend amongst construction employees and self-employed 
workers prevails (Riaz et al., 2006a). A HSE report (2003) highlights some other 
failures related to equipment use on site, these include problems resulting from: 
  inadequate consideration of physical dimensions of machines; 
  shortcomings in performance, safety-related features, training and maintenance; 
and 
  failure in the interaction between work-teams, workplace, equipment and 
materials. 
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The HSE (2003) has reported that accident investigation carried out by employers or 
supervising contractors is frequently superficial and of little usefulness as far as 
improving safety is concerned. According to the report (ibid), the investigation 
emphasises more on safety failures in the activity being undertaken rather than accident 
investigation procedures implemented to reveal contributing factors earlier in the causal 
chain. Hence, the rationale for conducting a series of case studies which aim to uncover 
specific details about the likely causes of accidents involving plant and machinery. 
Table 5.1 provides a summary of accidents communicated during interviews carried out 
for the case studies. The table is developed using the technique `constant comparative 
analysis' (see Section 2.6.2 for the analysis technique used in the case studies). For 
Table 5.1, the preferred technique for analysing semi-structured interviews was to 
develop themes on causal factors for incidents on a construction site (as reported by the 
respondents). The table was further extended when a similar assessment was carried out 
on causal factors generated from practitioner `concerns' regarding plant related health 
and safety issues on a construction site. 
To encapsulate and analyse Table 5.1, a cause and effect diagram (also knows as 
fishbone diagram) was generated. The fishbone diagram is an analysis tool for 
determining the potential causes for a particular problem (or effect) being examined 
(Simon, 2007). The potential causes of plant and equipment related safety issues on a 
construction site are categorised in an orderly way in Figure 5.3. The figure provides a 
logical way of looking at the safety hazards, associated with mobile plant and 
equipment, in various areas such as machine and process management, machine 
configuration, training etc. 
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Probable and more obvious causal factors (identified in Table 5.1 and Figure 5.3) that 
contribute towards plant related accidents/concerns, are employed to develop Table 5.2. 
This table highlights the responsibilities of various parties (roles) involved in the 
implementation of effective health and safety management (i. e. managers responsible 
for health and safety, plant manufacturers, workers etc. ). 
Table 5.2: Responsibilities of various roles to reduce safety hazards for mobile plant and equipment 
Role Are required: 
  Effective implementation of health and safety processes and promoting a culture 
Health & Safety where workers appreciate the significance of these processes. 
Management   Perform effective machine maintenance (including onboard safety equipments). 
  Have safety checks before machine use. 
  Manage operatives free operational envelope for on-site plant and equipment. 
  Effective communication of activity briefs to workers along with safety features. 
  Provide adequate and effective instructions and training. 
  Manage employee training records that is accessible uninterrupted and to keep 
track of their level of competence. 
" Ensure that risks, created by the use of the equipment, are taken care of. 
  Assess the risks associated with machine configuration. There are certain types 
Manufacturers of mobile plant (e. g. excavators, telehandlers, dump trucks etc. ) that have 
inadequate direct vision for operators. 
" Provide machines with innovative safety mechanism and devices. 
  Respond to the needs of industry practitioners. 
Workers ' 
Have adequate training, instruction and awareness on the safe use of the 
Operators machines on the site. It 
is important to make them recognise that health and 
Banksmen safety education 
is not a compulsion but is beneficial for their own wellbeing. 
Pedestrians 3 
Ensure that operators are competent and hold relevant competence 
qualifications and not necessarily card schemes. 
The investigation has generated a list of various possible causes for the safety hazards 
related to mobile plant and equipment. This indicates that further exploration and 
remedial actions are required in the area of mobile plant and equipment (i. e. machine 
design) and its related management and training processes. 
5.4 CHAPTER SUMMARY 
The chapter has documented and reviewed the current safety practices for the 
construction plant sector. This was achieved through multiple case studies in which five 
construction projects across the UK were visited. Semi-structured interviews with 
practitioners and document analysis on each project were carried out to report upon 
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standard safety practices for plant and equipment on a construction project. DFDs were 
used as a modelling tool to record the observed safety practices. It was noticed that 
these plant specific safety practices take into account: plant acceptance test, risk 
assessment; machine maintenance; accident investigation; training and safety awareness 
etc. A re-examination of these existing safety systems and processes is required as 
analysis of practitioners' safety concerns have highlighted various shortcomings in the 
practices. Some of these concerns include ineffective: operative training; machine 
configuration; machine maintenance; pedestrian free operational envelope; and process 
management etc. 
The documented standard safety processes and data flows investigate the health and 
safety practices for the plant and equipment sector in the UK construction industry. 
However, the UK construction sector is one of the safest in Europe (HSE, 2002b) and it 
may be recommended that the documented practices in this research can be employed 
by construction industries of other countries who are concerned about their ineffective 
plant related safety. The DFDs can provide these industries with sound basis for their 
process design or redesign for improved health and safety in the plant and equipment 
sector. 
The findings emerging from the investigation of current safety processes for on-site 
plant and equipment lead to developing guidelines for the effective application of 
technologies for potential improvements in the safety practices. 
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CHAPTER 6 
GUIDELINES FOR EFFECTIVE USE OF ICT FOR IMPROVED 
PLANT MANAGEMENT AND SAFETY 
6.0 INTRODUCTION 
The findings emerging from the investigation of current safety processes for on-site 
plant and equipment lead to developing guidelines for the effective application of 
technologies for process improvement. This chapter presents these guidelines which 
may provide practitioners with a useful means with which to improve plant 
management and safety on a construction site. The chapter also lays out the architecture 
and conceptual model of a technology application which integrates various components 
of plant management into one integral hybrid system. The application not only provides 
health and safety managers with necessary safety information on a regular basis but also 
focuses on the information needs of plant operators and workers involved in the 
construction project. 
6.1 NEED FOR PROCESS IMPROVEMENT: A CASE FOR ICT 
APPLICATION 
A business process comprises of work, procedures and rules required to complete the 
business tasks in response to some business events (Whitten et al., 2004). Business 
Process Reengineering (BPR) is an approach used for `radically' redesigning these 
business processes for improved company performance i. e. increased productivity, 
improved quality and greater customer satisfaction (Davenport, 1993; Hammer and 
Champy, 1993). Recent literature treats the reengineering concept as a broad spectrum 
of approaches ranging from continuous business process improvement (incremental 
improvement in process efficiency) to a total clean-slate redesign for rapid achievement 
of maximum effectiveness (Lee and Chuah, 2001). 
Business processes are considered to be independent of any ICT, particularly when 
technology is used for process automation or support (Whitten et al., 2004). However, 
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to exploit the potential of ICT, it is increasingly used as an enabler for BPR in order to 
achieve better operational and decision making support (Marchand et al., 2001). Hence, 
a blend of process redesign and enterprise wide information systems (an organisation of 
people and technology) is required for the creation of efficient and effective business 
processes (Kettinger et al., 1996). 
Process reengineering in the construction industry is regarded as an integrated and 
holistic approach that concentrates on the management and optimisation of process 
flows and waste eradication (Love and Li, 1998). Despite various industry initiatives, 
relatively consistent accident rates involving plant/pedestrian collisions substantiate that 
currently employed safety processes and systems have not helped in reducing the 
number of plant related accidents; hence, indicating shortcomings in the plant safety 
process on a construction site. The situation demands a re-evaluation of these existing 
safety systems and procedures, and to determine how these practices can be improved 
upon. One way of approaching this process redesign is by exploiting ICT as an enabler 
(Marchand et al., 2001; Kettinger et al., 1996; Davenport, 1993). It is therefore 
recommended to utilise ICT solutions to produce an innovative and proactive health and 
safety management system. 
6.2 USER REQUIREMENT ANALYSIS 
DFDs are considered to be the 'workhorses' of requirement analysis as they display flow 
of information from one activity to another (Hay, 2002). The DFDs developed for the 
studied health and safety process for on-site plant along with the shortcomings in the 
current process highlighted during case studies, can help `interpret' system requirements 
for improved plant management and safety. Accordingly, guidelines are developed for 
effective ICT application which are proposed below: 
Need for information management and integration 
The DFDs developed for the current health and safety process for on-site plant (see 
Section 5.3), captured dataflow between functional partitions of the system. In system 
design terms, this implies that the process can be decomposed into subsystems such as 
project plans, personnel and training, audit and inspections, plant management and 
accident management. The DFDs also highlight the fact that in the process a number of 
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data stores (manual and/or electronic) are maintained. These data stores along with their 
major contents are shown in Figure 6.1. The figure lists the stored information for each 
identified subsystem i. e. project specific information, personnel and training registers, 
audit and inspections, accident investigation and plant and equipment specific 
information. 
Figure 6.1: Standalone data stores used in the plant management process 
Personnel/ 
Project Info Lmpluvec Details. Training Register. 
Accident 
  Project Plan 
" Risk Assessment. 
Method Statement. 
 ý IIcalth and SatetN Plan. 
  l'umpam I'uIicý. 
Contractor/Subcontractor 
Inüvmation. 
and 
  Maintenance Records. 
  Safety Checklist. 
 ' W'eekh Inspection 
Reports. 
  Accident Investigation. 
  Accident Records and 
Statistics. 
Plant and 
" 1}pe and History Reports. 
Certifications. 
  Maintenance and Service Records. 
  Vehicle Inventory Management. 
The presence of a variety of data stores for mobile plant and equipment suggest that if 
the processes are redesigned by utilising ICT, information integration is then an 
important feature of the redesigned system. The combining of heterogeneous data 
sources signifies the need for a MIS that shares information among different software 
applications rather than each application maintaining its own subset of information. 
Figure 6.2 illustrates that the envisaged central system for plant management that 
integrates the existing and planned application platforms. The figure was further 
expanded into an Entity Relationship Diagram (ERD). The diagram is a specialised 
graphic representation that illustrates the entities in a database, relevant attributes and 
interrelationships with other entities (Whitten et al., 2004). 
Figure 6.3 shows the ERD for the envisaged plant MIS. The attributes for the schema 
were identified through document analysis (i. e. highlighting commonly used fields in 
company documentation on accident investigation, machine inspections, project plan 
etc. ) during case studies and as indicated by interviewees (e. g. information on personnel 
records). 
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Figure 6.2: A central management system that shares information among various applications 
Personnel/ 
Training Accident 
ý0D1eý Manaýemen 
Project Info - -- `-` ------- Linplovee Details. contents _. Training Register. 
"ý Accident Investigation 
" Project Plan 
-Lr et-4 H---- Accident Records and 
ProgctlD I 
ý"C 
Statistics 
Rist. Assessment 1- -- --- 
Method Statement 
I Icalth and Safety Plan Acc*nt 11) 
ý" ('ompanc Polics 
Contractor/Subcontractor 
Infrmation. 
-- Central 
4n. *peetioft H)} - _. _- 
System 
-{P}unt-I{--)--- 
Audit and Plant and 
Inspections Equipment 
(ontenL 
-------; Contents-- Maintrnance Records. I-IN pL and I liston Reports 
SatetN Checklist " Certifications 
" WeekIN Inspection I Maintenance and Service Records. 
Reports j" Vehicle Inventors Management 
The ERD also illustrates an organised collection of records where information is shared 
among various subsystems (such as information on: plant: personnel; accidents: and 
project etc. ). This schema provides the foundation for a backend database layer of the 
envisaged ICT application. 
Features for an effective ICT application 
In order to develop a sustainable technology platform that lends itself to future business 
processes, certain features for an effective ICT application for improved plant 
management and safety should he incorporated. 
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These features, which are derived from the observed shortcomings in the existing health 
and safety process (see Table 5.1) for plant and equipment, are presented in Table 6.1. 
Table 6.1: Guidelines to address plant management and safety for effective ICT employment 
Identified Shortcoming in the Plant Suggested Features of the 
Safety Process System 
  Machine configuration where certain 
types of mobile plant (e. g. excavators, 
telehandlers, dump trucks etc. ) have 
inadequate direct vision for operators; 
  The system should enhance the all- 
round awareness of operators; 
  Failure to manage an operative free 
operational envelope for on-site plant 
and equipment; 
  Inadequate training of machine 
operators and banksmen; 
  Lack of machine (including onboard 
safety equipments) maintenance; and 
  Ineffective process or process 
implementation. 
The system should employ collision 
detection which alerts the management 
and plant operators when operatives 
enter the machine's safe operational 
envelope; 
The system should maintain training 
levels of employees. These records 
should be available to site managers 
at all instances. This will help 
managers position only trained staff 
near the equipment; 
  The system should help management 
with alerts on maintenance 
schedules; 
  The system should support process 
automation by making the plant 
management process simpler and less 
tedious; and 
  The system should help management 
`learn' from mistakes e. g. in case of 
accident management the system is 
needed to: 
  determine injury rates; 
  identify trends and problem areas; 
  permit comparisons; 
  satisfy legal requirements; and 
  identify the basic causes that 
contributed directly, or indirectly, 
to each accident. 
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In addition to information integration, a sustainable technology platform commonly 
provides support to information capture, management, analysis, dissemination, access 
and response. Building such a technology platform that addresses business processes in 
the construction plant sector is envisaged to have characteristics such as being 
comprehensive, flexible, user-friendly and cost effective (see Figure 6.4). 
Figure 6.4: Features of a technology platform for plant and equipment 
Capture 
Disseminate 
Manage Analyse 
. 
01 q Data 
-* 
01 
Comprehensive 
User Respond 
Access 
Workforce working with 
Plant and Equipment; 
Plant Managers; 
Health and Safety Managers. 
  Improved plant management through a principal hybrid system that shares information among 
various platforms linked to plant management and safety. 
  Supports proactive and reactive solutions. 
  Extends the solution to support broader organizational initiatives and scenarios. 
Flexible 
" Customisable according to the needs of the users (managers and construction workforce). 
  Integration with other existing systems and industry solutions. 
  Includes both plant and people. 
  IT application with a focus on user-friendliness and reliability. 
Cost Effective 
  Cost effective technology solution to cut costs through streamlined operations of plant and 
equipment on a construction site. 
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6.3 SYSTEM ARCHITECTURE 
As discussed (in Section 6.2), many individual data stores are currently used by 
construction practitioners in preference to a fully integrated system. Moreover, various 
information systems available range from fleet management to tracking systems. However, 
there is a need to develop a more comprehensive management system for construction plant 
and equipment that shares information among different software applications rather than 
each application maintaining its own subset of information. 
This research describes an architecture to facilitate the integration of information for 
construction plant management among various standalone plant applications. Emerging 
safety issues on construction sites support the need for an information architecture that 
provides a single, unified data model that stores information and provides an integrated 
reporting infrastructure. The architecture should deliver the information integrity needed to 
address compliance and management requirements of plant operators and safety managers 
respectively. Consequently, the research particularly focuses on how health and safety 
managers and plant managers on a construction site can use a more comprehensive 
Management Information System (MIS) for the benefit of vehicle/pedestrian safety. 
The proposed architecture employs a combination of emerging ICT for construction plant 
and equipment management in order to make these machines more productive, efficient and 
safer. For the architecture, emerging ICT such as mobile computing, real time tracking 
systems and Automatic Identification and Data Collection (AIDC) technology with MIS are 
explored and considered. The integration is presumed to lead to a far-reaching technology 
platform where information needs of plant operators and safety managers are targeted and 
addressed. 
Figure 6.5 provides a schematic of the system architecture encompassing various aspects of 
technology application for plant and equipment. The architecture highlights four main 
layers of the application. The first layer, a `data capture layer', collects data from workers 
on a construction site. The data collection is performed by various means e. g.: 
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  data entry by the workforce (via personal computers, handheld computers and 
PDAs etc. ); 
  automatic data collection using AIDC technology; and 
  access data from other management databases e. g. training, personnel, audit and 
inspection etc. 
Figure 6.5: System Architecture 
Data Capture Layer 
N 
Data Entry by Workers/Staff 
ý">> 
Automatic Identification 
and Data Collection 
Audits and Inspections 
Accident Records 
Maintenance 
Personnel 
Training 
Project 
Other Applications 
Client Layer 
I Menapsmant 
ý1 C73 Plant MIS 
Network (LAN, Wireless); GPS 
LAN 
Access Layer 
Plant Operators 
Worker Pedestriarn 
The second layer is the `application layer' which analyses the data for various management 
reports, trends and alerts on plant management and safety. To disseminate the information, 
the application layer uses an `access layer' (third layer) which comprises of wired/wireless 
network. The access layer provides a means of communication in order to fully integrate 
the various layers within the technology platform. Finally, the information (generated by 
the application layer) is communicated (through the access layer) to the `client layer'. Here 
timely and relevant information is delivered to: 
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  management in order to plan and direct organizational operations; 
  pedestrians (workers/managers operating in the vicinity of plant and equipment) in 
the form of safety alerts; and 
  plant operators as management notifications and safety alerts. 
6.4 SIGHTSAFETY: THE CONCEPTUAL MODEL 
The system architecture, user requirements and literature review of emerging technologies 
were used to propose an ICT application, entitled SightSafety, for improved management 
and safety of plant and equipment on a construction site. The envisaged application 
employs MIS which encapsulates existing information systems (e. g. training, maintenance, 
accident investigation, project information etc. ) into one principal hybrid system for 
managing and sharing plant related information. Figure 6.6 shows an extension of this 
system that explores emerging ICT (e. g. mobile computing and AIDC technology) more 
fully to address the safety concerns of plant management, operators and pedestrians 
working in the vicinity of machines on a construction site. In an attempt to reduce 
accidents, the system particularly focused on: 
  monitoring pedestrians working in close proximity of the machines; 
  improving accident investigation process through automatic data collection; and 
  improving communication among the workforce engaged with plant and equipment 
on a construction site. 
Moreover, it is proposed that SightSafety uses a technology platform for the purpose of 
tracking pedestrians, information management and automatic notification to management 
as and when required. This will facilitate a more holistic and proactive approach to deal 
with both plant and construction worker safety. The main features of the conceptual model 
(shown in figure 6.5) are outlined below: 
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6.4.1 Location Tracking and Zone Detection 
SightSafety monitors and identifies all workers, machines and objects, that maybe at risk of 
becoming involved in an accident. For the purpose of location tracking and collision 
detection of equipment, it is extremely important for the safety system to know the `real 
time position' of vehicles/workers and to be able to `identify' them. A positioning and 
sensor based system can be used for site monitoring and event detection, such as proximity 
sensing for vehicles, entry of workers into danger zones and so forth. 
For identification purposes, the system can be further extended into an e-tagging subsystem 
(which includes contact-less data storage and retrieval). The e-tagging system offers 
numerous other benefits for the SightSafety system over and above tracking ability. For 
example, encoding employee e-tags with personal data (e. g. employee number for unique 
identification and medical details in case of an emergency etc. ). Moreover, vehicle e-tags 
can be encoded with maintenance information (useful in equipment `health' monitoring) 
thus generating automatic updates on vehicle maintenance schedules and inspections. Once 
the real time position and ID of every e-tagged item (plant, object or pedestrian) is 
determined, it is wirelessly communicated to the plant MIS to capture all positioning 
information into a database. 
Once the location information is captured by the system, SightSafety next applies the 
business logic to the captured data such as position evaluation, collision or danger zone 
entry detection or alarm status. Virtual danger zones are declared around the machines 
and/or any other objects on the construction site that impose an accident risk for pedestrians 
or other machines. At the conceptual stage of SightSafety it was envisaged that the danger 
zone would form a circular area around the vehicle or object and the radius from the 
circle's centre to the perimeter would depend upon the machine's safe operational 
envelope. 
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The danger zone itself is further subdivided into three core areas, ranging from imminent 
danger to minimal risk of harm, depending on the risk and likelihood of harm, and these are 
colour coded red, amber and green respectively (see Figure 6.6). The boundary information 
of the danger zones is programmed into the SightSafety system according to the type of 
vehicle and its operating conditions. For example, in the case of an excavator with a 
maximum reach capacity of the boom and dipper of 10 meters, the green zone around the 
machine starts at 12 metres (2 metres for the additional protective envelope). The red and 
amber zones are demarcated depending on the operation mode of the excavator (such as 
heavy duty trench extracting, lighter duty finishing work, general excavating or loading). 
SightSafety can then determine if any e-tagged object (vehicle or pedestrian) is near or 
approaching the danger zone by use of the location tracking system. For example, in the 
amber zone, a pedestrian walking within a machine's operational envelope is classified as 
medium risk. Under such circumstances, the system generates alert signals (audio/visual) 
for any pedestrian and/or plant operator in the specified amber zone. Red zone (high risk) 
events would result in immediate vehicle immobilisation, to prevent accident occurrence, 
and management notification so that offending vehicles/pedestrians could be reprimanded 
for negligence as appropriate. In special cases, the operator through his on-board screen can 
grant permissions to workers to work in the amber or red zone; such instances may include 
the appropriate use of banksmen. 
6.4.2 Notification 
SightSafety delivers content (such as alert signals, updates, notifications etc. ) depending on 
the role of the user (e. g. site worker, manager etc), task (e. g. plant operator, ordinary 
worker etc. ) and device (e. g. audio, visual, handheld, wearable etc. ) (see Figure 6-5). For 
example, a useful feature of the system is a graduated audio tone which ranges from zero 
tone and frequency (green zone), to intermittent tone and medium frequency (amber zone) 
to high pitch constant zone and high frequency (red zone). Due to the high noise levels 
experienced on many construction sites, it is important to provide accompanying visual 
signals to operators or pedestrians, for example via mobile phone or on-board screen. In 
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addition to being a reactive arrangement, SightSafety is also a proactive application. Mobile 
computing technology and wireless systems can streamline processes by determining who 
and where the users are and what type of device they are using (such as vehicle on-board 
screens, PDAs, mobile phones, tablet PC etc. ). Task specific safety information can then be 
delivered to the workers and operators, such as hazard and precaution notifications, vehicle 
maintenance updates etc. 
6.4.3 Information Management 
The proactive design of SightSafety is further extended by the ability to `learn' from the 
captured information. This ability is partly attributable to the fact that all the dangerous 
occurrences on the construction site are captured and recorded. Whilst not a panacea to site 
safety problems, the analysis of reports generated from SightSafety can provide managers 
with insight into actual operations and to improve future safety at construction sites. 
Additionally, the database system can also be used for the generation of management 
reports to help managers plan and direct organizational operations. The reporting structure 
used to provide management and workforce with timely and relevant information is 
discussed below: 
1) Information for Plant Operators: 
The information shared by the Plant MIS system with the plant operator includes: 
  plant and equipment history with information on various tools and parts; 
  machine maintenance and service schedules; 
  inspection reports and machine `health'; 
  alert signals and messages on the violation of the restricted-area around the plant by 
pedestrians or other vehicles; 
  information on the location of any buried services or other hazards present on a 
construction site; and 
  training status of pedestrians working in the vicinity of the plant e. g. operators are 
required to be more careful in case workers with less training are operating in the 
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area, similarly they can grant permissions to workers with higher level of training to 
operate near the plant under certain conditions with minimal risk of harm. 
ii) Information for Pedestrians: 
The information shared by the plant MIS with the plant operator includes: 
  an alert notification depending on the distance of the pedestrian from the plant and 
on the risk and likelihood of harm; 
  information on safe pedestrian routes around the construction site; 
  an update on new positions of danger sources; and 
  hazard and precaution notifications. 
The pedestrians should also be able to report new hazards and electronically enter witness 
statements to the MIS. 
iii) Information for Managers and Decision Makers: 
A fundamental component of the plant MIS is the processing of collected data to produce 
current, accurate and useful reports for the decision makers. The plant MIS generates 
reports that consists of the following subsections: 
Plant and Equipment History 
The system stores plant information on suppliers, manufacturers, purchase and maintenance 
details. These records can be employed to generate reports such as: 
  life of plant and equipment; 
  list of all suppliers/manufacturers with details; and 
  maintenance schedules/reminders. 
Vehicle inventory Management and Service Schedules 
The records stored in the plant MIS on tools/parts and inventory of the plant and equipment 
are useful in generating reports on inventory tracking, total or periodical purchase of 
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tools/parts. Moreover, service schedules can be entered into the system which can be used 
for schedule tracing and repair orders. 
Tracking System 
The information regarding the location of plant and equipment, pedestrian and other assets 
can be captured by location tracking and smart detection techniques on a construction site. 
In addition to tracking people and vehicles on a site, the system can also verify plant route 
variance, its speed and provide better theft control. The reports generated by the system for 
management are: 
  asset deployment reports; 
  activity report by driver/equipment ID; 
  use of vehicle in a given period to determine total engine operating hours (operation 
time), fuel costing, time costing, working time/idle time; and 
  list of collision incidents. 
Accident Management 
The plant MIS presents an all-encompassing system that facilitates health and safety related 
issues on a construction site. Project managers in general and health and safety managers in 
particular can benefit from reports such as: 
  unauthorised personnel trips (entry to machine's operational envelope); 
  speed record/profile of vehicles; 
  health and safety audit and inspection schedules/reports; 
  training status of employees working close to the equipment; 
  accident records and dangerous occurring; and 
  hazard and precaution details. 
The information can be disseminated to the end users through various channels e. g. wired 
network and the Internet. To satisfy the information needs of the mobile workforce, the 
network is further extended to a wireless network e. g. content is delivered to the managers 
(on laptop, PDAs etc. ), plant operators (screens onboard plant and equipment) and 
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pedestrians (on mobile phones, PDAs etc. ). The perceived benefit is improved 
communication of health and safety reports to site management. 
6.4.4 Industry Feedback 
An initial conceptual model was discussed with health and safety managers during site 
visits for the case studies (i. e. cases A to E). Feedback received was very positive however, 
some drawbacks within the model were noted, which are presented in Table 6.2. The health 
and safety experts clearly did not approve of the sensor based immobilisation of plant when 
the operational envelope is encroached. Moreover, depending on the operation type, 
banksmen are at times required to work in the operational envelop of the machines. 
According to the managers, these workers should only be allowed to work in the vicinity of 
the machines if they are trained and competent for that particular task. Consequently, it was 
considered extremely important to know the training status of workers operating in close 
proximity of machines. 
The drawbacks identified by the industry experts suggested some additions to the 
conceptual model which were taken into account when extending the model into scenarios 
for the future design of the system. 
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6.5 SIGHTSAFETY SCENARIOS 
This section presents various scenarios, illustrating SightSafety from the perspectives 
of four different user roles on a typical construction site. These roles are: plant 
operator (in the case of a scenario an excavator operator); construction worker 
(operating in the operational envelope of an excavator); plant supervisor (in charge of 
all mobile plant and equipment related health and safety); and health and safety 
managers. The aim for scenario generation is to present `alternate' future construction 
sites. 
6.5.1 A Scenario for the Plant Operator 
This scenario illustrates the case of a Plant Operator scanning for all personnel 
working in the operational envelope of an excavator. The following numbers illustrate 
the order of occurrence for system interactions and correspond to the numbers in 
Figure 6.7. 
1. Using a tablet PC mounted in an excavator's cabin, the operator logs into the 
SightSafety application. The application is run before/during any machine 
operation in order to determine the number of workers operating in the 
machine's operational envelope at all times. 
2. The operator then requests the system for project details. The system connects 
to the Project database to retrieve a list of currently running projects, onsite 
locations and IDs of machines employed at these locations. The operator 
selects the suitable information by specifying the appropriate location on the 
site. 
3. Once location is specified the operator requests a scan operation. Scanning for 
tags is a SightSafety functionality that detects multiple tags within a read 
range. For the prototype application, this feature means that a receiver (i-Card 
3, a mobile reader in the Identec Solutions' RFID system) is connected to a 
portable device e. g. tablet PC and mounted on an excavator. The scanning 
process would then detect all the tags carried by the pedestrians working in the 
vicinity (up to 1 Om range) of the machine. 
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4. For the SightSafety system it is proposed that a RFID tag is embedded in each 
Personnel ID card. Each tag has a unique serial number which means that each 
tag would identify the individual who is carrying the tag. Consequently, it is 
mandatory for system accuracy that all personnel are carrying their ID cards at 
all times. As a result of the scanning process all the RFID tags in the read zone 
are detected and displayed to the operator. Figure 6.7 depicts a scenario where 
three workers operating close to an excavator are wearing tags: ID: 200111127, 
ID: 200096730 and ID: 200096742 respectively. The system will list only tags 
ID: 200111127 and ID: 200096742 since they are positioned inside the read 
zone. The operator also has the `auto-scan' option where the system will scan 
for tags automatically after every 10 seconds and would detect any changes in 
the presence of personnel in the read zone. 
5. The system displays on the operator screen a list of all tags detected in the 
read zone. The list also correspond to the ID numbers, names and training 
status of personnel carrying the tags. Training status is an important attribute 
for the system as it helps to differentiate the trained workforce from 
unqualified and inexperienced workers. It is retrieved along with other 
personnel information from the Personnel and Training database of the 
envisioned MIS. For the prototype the training status is assessed on a five 
level scale, `Level V being highest trained and `Level I' being least trained 
worker. According to the business logic of the SightSafety system, the operator 
is notified of any trips by less trained workers i. e. Level I and II via the screen 
display in the cabin. For example, Figure 6.7 shows a list of personnel 
operating in the read zone. The operator will be notified about the presence of 
`Paul Young' due to a lower training level. 
6. Finally, any unauthorised trips in the operational envelope of this excavator 
are recorded in the database for a review by the managers. 
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Figure 6.7: SightSafety Scenario for Plant Operator 
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6.5.2 A Scenario for a Construction Worker 
This scenario illustrates the case of a Construction Worker operating in the 
operational envelope of an excavator. The following numbers illustrate the order of I 
occurrence for system interactions and correspond to the numbers in Figure 6.8. 
1. A construction worker on a site is given a Personnel ID with an embedded 
RFID tag. All personal details including medical history and contact 
information are `written' to the tag. The information can be `read' instantly by 
a plant operator (via screen in the cabin) or site supervisor (via a handheld e. g. 
a PDA) in the case of emergency or accident. 
2. The presence of the worker in the operational envelope of the excavator is 
detected by the plant operator through the SightSafety application (installed on 
a tablet PC mounted in the excavator's cabin). 
3. SightSafety implements a business logic on the `read' training status of the 
worker. The system identifies if the less trained staff (i. e. Level I or II) is 
working in the proximity of the machine (ID Ex5239). 
4. The application informs the worker at risk through audio (e. g. alarms through 
headphones) and visual (e. g. beacon set on the vehicle, SMS generated on 
mobile phones with vibrator settings). The health and safety supervisor is also 
sent notification through SMS. Figure 6.8 shows that worker with ID: 
200111127 is notified of imminent hazard due to a lower training level. 
5. The system finally registers the worker details, time and location of incidence 
into a local database for the excavator. This information is useful for managers 
to identify workers with less training who tend to stray too close to machine. 
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Figure 6.8: SighiSafety Scenario for a Construction Worker 
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6.5.3 A Scenario for a Plant Supervisor 
This scenario illustrates the case of a Plant Supervisor, in charge of all mobile plant 
and equipment and related health and safety. The following numbers illustrate the 
order of occurrence for system interactions and correspond to the numbers in Figure 
6.9. 
1. Using a mobile handheld device, a plant supervisor retrieves all trip logs from 
the engaged onsite plant and equipment through a wireless connection. 
2. The plant supervisor then views a report for all the trips in the operational 
envelope of the employed machines. The supervisor can use the SightSafety 
application to query the database in order to retrieve all the trips, categorising 
by: 
a. particular time period; and 
b. training status of the worker (Level I-V in case of the prototype). 
The report assists the supervisor to determine a consistent trend amongst 
construction workers who have a tendency of wandering close to the machine. 
The information will also support supervisors and managers to plan and direct 
organizational training and generate warnings for workers. 
3. In case of any dangerous occurrence or accident taking place due to workers 
working in close proximity of machines, plant supervisor requests an 
investigation to the health and safety department through the mobile device. 
4. The Accident Investigation Information System (IS) in the health and safety 
department is updated with latest trip log and investigation request generated 
by the plant supervisors. 
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Figure 6.9: SightSafety Scenario for Plant Supervisor 
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6.5.4 A Scenario for Health and Safety Management 
This scenario illustrates the case of a health and safety management in charge of all 
mobile plant and equipment related health and safety. The following numbers 
illustrate the order of occurrence for system interactions and correspond to the 
numbers in Figure 6.10. 
1. Health and safety managers must be informed on any dangerous occurrence or 
accident taking place due to workers working in close proximity of plant and 
equipment in order to conduct investigations. Consequently, a plant supervisor 
using SightSafety communicate investigation requests electronically to the 
health and safety department at the site office. 
2. The Accident Investigation IS (in the health and safety department) is updated 
with latest trip log and investigation requests. 
3. The Accident Investigation IS integrates with other applications e. g. Project 
Info, Personnel and Training, Machine and Maintenance etc. in order to 
retrieve information on: current project; worker details and their training 
status; and plant and equipment respectively. 
4. The health and safety manager, when logged into the SightSafety application, 
is prompted for new investigations to be carried out. For each investigation 
report the project details, incident date and time, incident type, details of the 
personnel involved etc are updated electronically. 
5. Depending on the incident type, the health and safety manager initiates the 
investigation process. 
137 
Z. Riaz Chapter 6: Guidelines for effective use of ICTfor improved plant management and safety 
Figure 6.10: SightSafety Scenario for health and safety management 
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6.6 CHAPTER SUMMARY 
The chapter has presented the guidelines for the effective use of technologies for 
improved plant management and safety. These guidelines are derived from the user 
requirement analysis which focuses on: addressing the shortcomings of the existing 
plant safety process; information integration among various subsystems; and 
developing a sustainable technology platform. The chapter also revealed system 
architecture and conceptual model of the application (entitled SightSafety). It is 
envisaged that the system will provide practitioners with a useful means to integrate 
various components of plant management into one comprehensive plant management 
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system with a particular focus on health and safety. A series of scenarios of a future 
construction site were produced that used emerging technology to concentrate on the 
information needs of the workforce. This workforce included plant operators, workers 
working within the operational envelop of machines, plant supervisors and health and 
safety managers involved in the construction project. 
The scenarios are used to design and develop a prototype system for SightSafety 
which integrates emerging technologies, RFID in particular, with management tools 
like MIS to provide a more comprehensive health and safety management solution on 
a construction project than those currently available. 
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CHAPTER 7 
PROTOTYPE DESIGN AND OPERATION 
7.0 INTRODUCTION 
The prototype application uses an Automatic Identification and Data Collection (AIDC) 
mechanism integrated with a plant Management Information System (MIS). The 
integration is presumed to lead to a far-reaching technology platform where information 
needs of plant operators and safety managers on a construction site are simultaneously 
addressed. Based on the technology platform, this chapter first discusses the choice of a 
RFID based system and its expansion using other software development environments. 
Subsequently, a pilot study is presented where the suitability of the selected RFID 
product was put to trial on a small construction site. Finally, system design (using 
activity diagrams) and operation of the SightSafety application (using screens of the 
system) are presented. The role of the researcher in system design and development is 
presented in Appendix H. 
7.1 CHOICE OF DEVELOPMENT ENVIRONMENT 
The prototype has used software development and database environments, which are 
discussed below: 
IDENTEC Intelligent Long Range (ILR) Technology 
The prototype has employed a RFID based system called ILR that was developed by an 
Austrian company IDENTEC Solutions. This product was selected because of its: 
  appropriateness for the realisation of proposed scenarios e. g. memory 
capability of the RFID tags, mobile readers to be fixed on the vehicles to 
scan for tags around the machine etc. 
  potential for customisation via a Software Development Kit (SDK). 
  availability and competitive purchase cost. 
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Microsoft Visual Studio . NET 2003 
Microsoft Visual Studio is a software development product which allows programmers 
to create bespoke software applications. The prime reason for using the Microsoft 
Visual Studio NET 2003, as a programming platform, was the provision of 
IDENTEC. NET by IDENTEC Solutions. IDENTEC. NET is a RFID component used 
by software developers to capture and interact with IDENTEC Solution's RFID tags. 
This component comes as part of the ILR Software Development Kit (SDK). Hence, 
Microsoft Net framework was used to access RFID communication protocols through 
the SDK and to integrate IDENTEC ILR technology with the prototype application. 
Microsoft SQL Server 2005 (Express Edition) 
Microsoft SQL Server 2005 was used to provide a database environment for the 
prototype application. The choice was made because of the edition being a freeware and 
its easy integration with rest of the Microsoft product family, the Net platform in 
particular. 
7.2 THE ILR TECHNOLOGY 
The main components of RFID based ILR technology, along with their major features, 
are listed in Table 7.1. The table categorises the system into both hardware and software 
components. 
7.2.1 Hardware 
The RFID system consists of hardware that tracks, locates and identifies RFID tags. The 
IDENTEC Solution ILR Technology uses the following hardware classification: 
Readers: The technology comes with two types of readers or interrogators: 
  PC i-CARD III: a mobile interrogator in a type II PC Card format which can be 
easily integrated into portable or laptop computers to read and write data to tags 
(IDENTEC Solutions, 2004). 
  i-PORT III: a fixed interrogator which can use up to 4 antennas for automated 
and wireless data collection. The built-in signal strength measurement capability 
enables the localization of tags using triangulation (IDENTEC Solutions, 
2005a). 
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Antennas: The IDENTEC Solution (2005a) ILR Technology comes with two types of 
antennas, namely: 
  fixed linearly polarised antennas that are connected to the i-PORT III (an i- 
PORT III is a fixed reader that can accommodate four such antennas); and 
 a single external antenna for the PC i-CARD III (this is a mobile reader). 
Tags (also called transponders): The ILR Technology comes with two types of 
active tags which are used for the purpose of identification and tracking: 
i-Q tag: These tags are available with a memory capability of 8 kByte or 32 
kByte and distances of up to 100 metres can be achieved (IDENTEC 
Solutions, 2005b). 
  i-D tag: These tags have 64 bytes of memory and distances of up to 6 metres 
can be achieved (IDENTEC Solutions, 2005c). 
7.2.2 Software 
The ILR Software Development Kit (SDK) can be used to integrate the ILR hardware 
into new or existing technology applications. The SDK provides programmers access 
to code that provides the RFID functionality, without going into the details of RFID 
communication protocols (IDENTEC Solutions, 2005a). The SDK currently supports 
the following operating systems: Microsoft Windows, Windows CE and Linux. In 
addition, libraries are available for C, C++, Java, and the Microsoft NET Framework. 
Hence, the SDK supports the integration of the captured data with other applications 
and enterprise solutions. 
7.3 PRODUCT TESTING FOR PROTOTYPE DEVELOPMENT 
In order to test the performance of the IDENTEC Solution ILR technology in the 
harsh construction environment, a pilot study was conducted. In the study, the basic 
application of the RFID system was investigated on a small construction site at 
Loughborough University where a mini excavator was employed for an earth-fill 
operation (see Picture 7.1). A mobile reader (i-CARD III) was connected to a portable 
device (in this case a laptop) which was positioned in the cabin of the excavator. 
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Three personnel/pedestrians, including the researcher, were carrying tags in their 
pockets. Both types of tags i. e. i-Q and i-D2 were tested initially to check the capability 
and strength of each type. Figure 7.1 illustrates the configuration of a receiver placed in 
the excavator and the tags carried by pedestrians working around the machine. 
Picture 7.1: University test site 
4P, 
Fat, 
&I 2L 
Figure 7.1: Test configuration (tag and receiver setting) 
reisul"It" i-D2 Tags 
Taus 
i-D Tag 
SIgs 
i) 
r 
rý Read 
Zone 
Antenna' 
DII-J, 
I 
i-CARD III 
For the pilot study the basic application of the RFID system was put to a test which 
aimed to trial robustness, range and performance of the equipment and software. As a 
result, a laptop was set up as a mobile reader (linking it with an i-CARD III) to 
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investigate: scanning for tags in the read zone of the mobile reader fixed on a mini 
excavator: and reading/writing a specific tag in the read zone. 
Reader scanning for e-tags: 
Scanning for tags was a functionality developed to detect multiple tags within a read 
range. Once the laptop was connected to the receiver, a scan command detected the 
tags in the read zone attributable to the communication between the tags and the i- 
CARD III receiver. The scanning process thus resulted in detection of all tags carried 
by the pedestrians working in the vicinity of up to l Om radius of the machine. 
Each tag (carried by the pedestrians) had a unique serial number which meant that 
once identified, details of the individual carrying the tag could be identified. Figure 
7.2 depicts a scenario where three pedestrians working in the read zone of 10 metres, 
were carrying tags ID: 2001 11 127,1D: 200096730 and ID: 200096742 respectively. 
Figure 7.3 shows the screen developed for the basic pilot system to implement the 
connection (with the i-CARD III receiver) and scanning functionality. The figure also 
shows the response to the 'scan' command as the system detected and displayed the 
three IDs of the tags carried by the pedestrians for the scenario in Figure 7.2. 
Figure 7.2: Scanning scenario I (where tags ID: 2001 11 127, ID: 200096730 and ID: 200096742 are in 
the read zone). 
(TII 
11"?? II): 200096742) 
Read Zone 
11): 200096730 
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; ure 7.3: Screen for the basic scanning scenario in the pilot stud% 
 o Plant Site Safety 
2UOU9673U vViite Lleta ýonnect 210009F. 7421 
lllfi1177" ý 
I Scan 
wtitc 
Ping Tag 
r Rkcjd Gato __. _. _ 
R eac 
The system successfully detected any changes in the read zone when scanned next. 
For instance, in the next scenario ID: 200096742 left the read zone (see Figure 7.4) 
which is detected by the pilot system and only ID: 200096730 and ID: 200 1111 27 were 
displayed (see Figure 7.5). 
Figure 7.4: Scanning scenario 2 (where tags ID: 200111127 and ID: 200096730 are in the read zone) 
ID: 200111127 
Read Zone 
(I Om) 1[): 20003u 
II): 2000Y i42 
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/. -,: screen for the nasic scanning scenario in the iý:. ýý : u, iý 
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Reader communication with the tags: 
The tags had the ability of storing data in textual format which made it easier to 
inspect data when it was read back. In addition to a worker's personal information 
(e. g. name, ID number, age, address etc. ), medical history was also stored on the tag 
which could be read in case of an accident. Figure 7.6 shows a writing scenario where 
data is written to a tag with ID: 200096742. Figure 7.7 shows a screen where 
personnel information was written to tag (ID: 200096742) for a worker named `John'. 
Figure 7.6: Write scenario 
Personnel Department 
Write /ý, 
ý\ 
. 
r" i 
r Read Zone 
r 
ýt lu: zuuuýýý, 7-Iý 
1l): 200096730 /ý 
II): 21101 1 1127 
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! Name: lohn ID: A487672 
JAge: 35 
Scan lMdress: 27 Dement Drive Loughborough, LE11 3RJ Training Status: 4 
Blood Group A+ 
IMedical History: Diabetic 
Ping Tag 
Figures 7. S and 7.9 show the scenario and the resulting screen respectively for the 
pilot where the system retrieved data (i. e. read) for the selected tag. Figure 7.8 shows 
a read scenario where data is read from a tag with ID: 200096742. Figure 7.9 shows a 
screen where personnel information was read from tag (ID: 200096742) for a worker 
named `John' along with his age, contact details and medical history. 
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Figure 7.8: Read scenario 
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Plant Management 
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Read 
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Figure 7.9: Scrcen for the read scenario in the pilot study 
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Test results: 
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Overall, the system functionalities were successfully tested on the university 
construction site. The reader worked effectively in the presence of noise and vibration 
generated by the excavator (during its slewing and tracking operation). However. for 
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Picture teil the 1c t slic 
7.4 PROTOTYPE DESIGN AND DEVELOPMENT 
Once the suitability of the IDENTEC Solution ILR technology was established through 
the pilot study, the prototype system SightSafety was developed by using the generated 
scenarios (Section 6.4) as a guideline. This section details: 
0 the key actors who interact with the system to fulfil their tasks; 
0 the activity diagrams which describe the system design in terms of business 
logic flow and events that cause decisions/actions to be undertaken in the code; 
and 
0 implementation of the design displayed through screen captures of the system. 
Consequently the SighiSgiety system, depending on functionality and user role, is 
divided into four activities which are discussed in the following subsections. 
7.4.1 Implementation of Activity 1: Tag Read/Write 
Given the fact that for SightSafety every construction worker requires a RFID embedded 
project ID card, tag read/write activity describes the operation in which tags for 
construction workers are written and read. The major actor of this operation is the 
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a the activity diagrams which describe the system design in terms of business 
logic flow and events that cause decisions/actions to be undertaken in the 
code; and 
  implementation of the design displayed through screen captures of the system. 
Consequently the SightSafety system, depending on functionality and user role, is 
divided into four activities which are discussed in the following subsections. 
7.4.1 Implementation of Activity 1: Tag Read/Write 
Given the fact that for SightSafety every construction worker requires a RFID 
embedded project ID card, tag read/write activity describes the operation in which 
tags for construction workers are written and read. The major actor of this operation is 
the personnel department since they are typically responsible for managing employee 
records and issuing the ID cards. Figure 7.10 shows the activity diagram for the 
operation and describes the actor activities in a sequence. 
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7.10: Activity anagram for tag reaaiwrtte operauc 
Personnel Department SightSafety 
User log-in 
Connect to the RFID reader 
Scan for Tags 
Tag selection 
[Tag 
Enter personnel data 
Uw log-out 
Authorise 
Handle 
Display Tag collection 
Collect and format data string 
Display formatted'read data 
Retrieve project info from database 
Validate data entry 
Generate Tag string 
Update Personnel Info Database 
IDENTEC ILR Technology 
Connect to i-CARD III 
I [Failure] 
Scan for IQ Tags 
i-CARD III reads Tag data 
i-CARD III writes tag data 
Using Figure 7.10 a functionality of the prototype was developed to map the tag 
read/write functionality with the following flow of events: 
  The system user (employee of personnel department) places RFID embedded 
ID cards in the range of the reader (i-CARD III). 
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  The user logs into the system through a log-in screen and the system 
authenticates username and password. 
" If the log-in is successful, the user connects to the reader (i-CARD III). 
  Once a connection is established with the reader, the user sends a scan 
command to the system to detect the tags in the read zone. 
  The system displays all the tags detected in the read zone. 
  The user selects the tag on which data is to be written or read from (see Figure 
7.11). 
  The user selects the `Tag Write' tab if it is required to write employee data to 
the tag. 
" The system retrieves a list of job titles, supervisors and training levels 
employed in the current project. The prototype training level is defined from 1 
to 5,1 being the least trained operative and 5 being the most. 
" The user enters the employee data to be written on a tag (see Figure 7.11). 
  The system validates the data entry and writes it to the tag (through the reader) 
as well as to the personnel database. 
  The user selects the `Tag Read' tab if it is required to read the data from the 
selected tag. 
  The system reads the data of the selected tag through the reader (i-CARD III) 
and displays it for the user (see Figure 7.12). 
" The user can read/write data to all tags registered in the scanned tag list. 
  The user logs-out of the system. 
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Figure 7.11: Screen capture oFthe Sig/itSa/enr system for tag write operation 
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Figure 7.12: Screen capture cif the Si /tt Merv svstem for tag, read operation 
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7.4.2 Implementation of Activity 2: Detect Unauthorised Pedestrian in the 
Operational Envelope of Plant 
This activity describes the operation where the workers working in close proximity of 
a plant are monitored. The major actor of this operation is the plant operator who is 
provided with an on-board visual display unit to interact with the system. Figure 7.13 
shows the activity diagram for the operation highlighting sequence of actor activities. 
7.13: Activity uiagram tor unautnonsed pedestna 
Plant Operator SightSafety 
User login 
Select appropriate project info 
Authorise 
[Valid Login] 
Retrieve project info from database 
Connect to the RFID reader 
Handle 
Scan for Tags 
Auto Scan Checked] Set Scan Timer 
Set database Update Timer 
Record pedestrian details 
Display Tag collection 
[Training Status [Training Status 
>= 3] <=2] 
Generate alert 
Record unauthorised 'trips' 
IDENTEC ILR Technology 
Connect to i-CARD III 
[Failure] 
Scan for IQ Tags 
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The developed functionality of the prototype using this sequence is discussed below: 
" The system user (plant operator) logs into the system which verifies the 
username and password. 
" If the log-in is successful, the system retrieves current project information i. e. 
project ID, locations on the project and ID of machines used on the project 
(see section `Project Info' in Figure 7.14). 
  The user connects to the reader (i-CARD III) and commands a scan operation 
(see section `Detect Tags in Range' in Figure 7.14). 
  The system retrieves a list of personnel tags working within a machine's 
operational envelope. In addition, the system displays the name, ID and 
training status of operatives working in the vicinity of the machine (see 
sections 'IDs of Scanned Tags' and `Training Status of Employees ' in Figure 
7.15). 
" If the training status of the worker/pedestrian is less than 3, the system 
generates visual alert for the plant operator. The business logic applied to the 
system considers that any worker with a training status less than level 3 is 
reported to the site health and safety supervisor (see section `Logs Trips' in 
Figure 7.15). The system is flexible to be customised according to the business 
logic of any project. 
0 If the operator checks the `Auto Scan' option on the screen and enters a time 
(in seconds), the system automatically scans for tags in the read zone after the 
specified time (see section `Detect Tags in Range' in Figure 7.16). Alerts and 
database records are generated constantly when untrained (level I and II) 
workers are detected in the read zone 
0 If the operator checks the `Update Database' option on the screen and enters a 
time (in seconds), the system automatically records into a database the 
presence of all the workers in the read zone after the specified time period (see 
section `Detect Tags in Range' in Figure 7.17). The database records generate 
useful reports for health and safety supervisors to monitor the workers who are 
present around the machine at various instances (see Figure 7.18 for the 
records that are stored in a table of a database for this operation). 
 . Plant operator logs-out of the system at the end of plant operation. 
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7.14: Screen capture of SightSalenv for pedestrian monitoring operation - before scan 
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Figure 7.15: Screen capture of Si, ghtSafety for pedestrian monitorirre operation - after scan 
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Figure 7.16: Screen capture of'SightSaIenv for pedestrian monitoring - the 'Auto Scan' operation 
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Figure 7.17: Screen capture ofSightSafety for pedestrian monitoring - the 'Update Database' function 
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Figure 7.18: Screen capture of the 'Trip Log' table of the SQL Server database 
In Tabie'Tripjag in IIWAS* on [Data 
Ftle Wnewv neIp 29, X 
E °m 
i zooo9ö7ao 
zontutzr, 
zootot. ' 
2000%703 
200096730 
7.4.3 Implementation of Activity 3: Report Generation for Plant 
Supervisor Responsible for Health and Safety 
Activity I describes the operation where plant supervisors, responsible for health and 
safety, can generate reports using the records that were stored in activity 2. The major 
actor of this operation is the plant supervisor who can access information on the 
handheld device by synchronising it with the systems on plants through a wireless 
network. Figure 7.19 shows the activity diagram pointing out the sequence of events 
for the operation. The developed functionality of the prototype using this sequence is 
as follows: 
" The system user (plant supervisor responsible for health and safety) logs into 
the system which verifies the entered user name and password. 
" If the log-in is successful, the system retrieves current project information i. e. 
protect ID and training status (see section `Generate Report' in Figure 7.20). 
A35746 Ud, t GONI )ý y be Level II E. 32313 20j05/2007 16: 52: 20/0512007 <NULL, <NULL> 
A435489 )oe BId Richerd Coble Level IV Ex32313 20/ 05(200' I6: 53: 2010512007 <NJLL> <NULL= 
073485734 Peter 4rce LeveIV Ex32313 20/05(200'16: 53: 20105(2007 <NULL: <NLLL> 
A736576 Richmd 5harpe Fobert Gete< Level III Ex32313 20105/200716: 52: 20/0512007 <NULL> <NULL> 
A487672 Zameb R., Robert Gates Level I Ex32313 20105J2007 16: 52: 20/05/2007 <NULL' <NLLL> 
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Figure 7.19: Activity diagram for report generation by plant supervisor responsible for health and 
safety 
Plant Supervisor SightSafety 
User login Authorise 
slid Lo in Invalid Lo in 
Request trip logs Retrieve trip records 
Request investigation ct dangerous 
Update accident investigation records 
The user then provides parameters to generate a report on the workers present 
in the operational envelope of various machines working at a particular time. 
Parameters that can be viewed include: the project ID; the start and end date of 
the work; and the various training levels used in the project. Figure 7.20 shows 
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one such report generated by a supervisor to observe the presence of workers 
(of all training levels) working in proximity of machines on May 20.2007 for 
the project He-T5-02 (project code). Through the reports supervisor can notice 
the presence of employees (namely Miss Zainab Riaz with training level I and 
Mr. Udit Gohil with training level II) operating near machines with ID 
Th29084 and Ex32313 (see Figure 7.21 and Figure 7.22). 
  In case of an accident or dangerous occurrence the supervisor electronically 
sends an investigation request to the health and safety managers (see Figure 
7.21 and Figure 7.24). 
  Finally, the user logs out of the system. 
Figure 7.20: Screen capture of' SightSatctr for report generated by supervisor (for all training levels) 
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Figure 7.21: Screen capture of SightSa/eti for report generated by supervisor (for training level 1) 
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Figure 7.22: Screen capture of SightSgfety for report generated by supervisor (for training level II) 
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Figure 7.23: Screen capture of SightSak'tr for generating incident investigation request 
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7.4.4 Implementation of Activity 4: Electronic Accident Reporting and 
Investigation for Health and Safety Managers 
This activity describes the operation where a health and safety department is 
electronically notified about any accident/dangerous occurrence on a construction site. 
The major actor of the activity is the health and safety department/manager who logs 
into the system at the site office. Figure 7.25 shows the activity diagram illustrating 
the sequence of events for this operation. The flow of these events is discussed below: 
0 The system user (health and safety managers) logs into the system which 
verifies the entered user name and password. 
M If the log-in is successful, the system retrieves and displays a list of accident 
investigation requests made by site supervisors (see Figure 7.26). 
" The user enters the incidence reference number in the accident investigation 
form to initiate the investigation (see Figure 7.27 where the user has entered 
incidence reference no. 4). 
0 The system automatically retrieves information on: project and location of 
event; incident type; date and time of incident; date incident investigation was 
requested; ID of machine involved in the incident; and details of the person 
involved/injured (see Figure 7.27 and Figure 7.28). 
" The user enters the results of the carried out investigation and saves it (see 
Figure 7.29 and Figure 7.30 for all the fields suggested for accident 
investigation). 
  The system updates the database with the investigation data and removes the 
investigation request from the request queue (see Figure 7.31). 
  The user logs out of the system. 
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Figure 7.25: Activity diagram for electronic accident reporting and in, 
Health and Safety Manager SightSafety 
User login Authorise 
Invalid Loin 
[Valid Login] 
Retrieve pending investigation requests 
Select pending investigation 
Retrieve existing investigation info 
Enter investigation results 
Update accident investigation records 
Re ove inve ti ation re nest 
restigation operation. 
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Figure 7.26: Screen capture of SigghtSafiert" showing new and pending investigation requests 
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Figure 7.27: Screen capture of SightSafeti' for accident investigation -- user enters incident reference 
number to initiate investigation where accident references are retrieved automatically. 
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Figure 7.28: Screen capture of SightSglety for accident investigation - details of employee 
involved injured in accident are also retrieved. 
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Figure 7.30: Screen capture of SightSafenv- Accident investigation form 2 
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7.5 CHAPTER SUMMARY 
In an attempt to record and reduce plant accidents on a construction site, this chapter 
has reported upon the development of the prototype system, entitled SightSafety, 
which includes incorporation of AIDC technology and mobile computing with plant 
MIS. The AIDC technology includes the RFID tagging systems which offer non- 
contact reading and has proved highly effective in hostile environments (e. g. 
construction industry) where bar code labels (that require manual scanning) could 
easily become damaged. 
The prototype system includes activities such as communication with RFID tags, 
monitoring of personnel working within machine's operational envelope, reports for 
plant supervisors on authorised presence of workers in the operational envelope, 
electronic reporting of incidents on site to health and safety department, access to 
incident details for health and safety managers etc. To implement these activities, the 
prototype system has employed the IDENTEC ILR technology along with Microsoft 
software development environment. The technology platform is believed to lead to a 
proactive solution where information needs of plant operators and safety managers on 
a construction site are addressed. 
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CHAPTER 8 
PROTOTYPE EVALUATION 
8.0 INTRODUCTION 
As a generic statement, prototype evaluation consists of jointly reviewing a system or 
product with end-users in order to learn about any necessary changes required to meet 
user expectations (Futrell et al., 2002). The design and operation of SightSafety was 
based on end-user needs identified through requirement analysis and scenario 
I generation. Next, an evaluation of this system was carried out in order to obtain user 
feedback and to draw conclusions with respect to system performance. 
This chapter presents the results of the evaluation process which was augmented with an 
analysis to determine the level of agreement among the evaluators (managers and plant 
operators). Using statistical parametric and nonparametric techniques the work sought 
to determine whether a significant difference in opinion existed between the two user 
groups. In addition, a qualitative analysis also highlighted system benefits, barriers to 
implementation and further improvements to the application. 
8.1 EVALUATION OBJECTIVES 
The validation process focused on identifying any shortcomings of the SightSafety 
system and user-friendliness of the system interface. It was also considered whether the 
system actually met the theoretical study goals whilst remaining relevant to pragmatic 
industry needs. As a result, the following objectives were identified for the evaluation 
process: 
1. to verify and validate that the system complies with user needs and satisfies the 
original design goals identified from user requirement analysis and scenario 
generation; 
2. to evaluate the usability and acceptability of the prototype; 
3. to determine how significant the difference in opinion was between the system 
users (i. e. plant operators and managers); 
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4. to obtain user feedback for further improving the system and to highlight any 
missing functionality; and 
5. to obtain user feedback about possible industry specific barriers and facilitators 
to guide any future development. 
8.2 CHARACTERISTICS OF THE PARTICIPANTS 
A total of five construction projects were visited to evaluate the prototype. The selection 
of these projects was based on company size (with an annual turnover of more than 
£400 million) and to ensure collection of data from the representative user group. Site 
management (responsible for health and safety of plant related work) and plant 
operators were identified as relevant system users. Table 8.1 shows the list of 
participants who completed the evaluation process. The table clearly illustrates that 
users were divided into two groups namely, managers and plant operatives (drivers and 
supervisors). 
Table 8.1: Participants' details 
Site Serial Job Title Experience in 
Code No. (Managers) O rganisation Type Industry 
A 1 Site Manager/Senior Engineer Contractor 19 years 
A 2 Project Manager/Regional Engineering Manager Contractor 31 years 
B 3 Project Manager Contractor 9 years 
C 4 Senior Site Manager Contractor 18 years 
D 5 Project Manager Design Consultants 4 years 
D 6 Contracts Manager Sub-Contractor 20 years 
D 7 Site Manager/Senior Engineer Design Consultants 25 years 
E 8 Works Manager Suppliers of building 18 years 
materials (Quarry) 
(Plant Supervisors and Operators) 
A 1 Plant Supervisor Contractor 20 years 
B 2 Plant Operator (Excavator 360) Contractor 15 years 
D 3 Site Agent/Senior Plant Supervisor Sub-Contractor 16 years 
D 4 Site Agent/Plant Supervisor Sub-Contractor 14 years 
D 5 Plant Operator (Excavator 360) Sub-Contractor 14 years 
E 6 Plant Operator (Wheeled Loader) Suppliers of building 18 years 
materials (Quarry) 
E 7 Plant Supervisor Suppliers of building 12 years 
materials (Quarry) 
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8.3 EVALUATION APPROACH 
The format adopted for the evaluation process consisted of the following steps: 
a. a short presentation on the research background was given to potential 
SightSafety users purely to establish the context of the work. 
b. a brief introduction about the contact-less Automatic Identification and Data 
Collection (AIDC) technology was given to ensure that evaluators fully 
understood the underlying application's concept. 
c. the prototype application was demonstrated to evaluators in the context of 
developed scenarios. This was followed by semi-structured interviews with 
evaluators in order to elicit on possible system improvements and determine any 
implementation issues of the application. 
d. finally, to obtain a structured feedback and to generalise user perception of the 
system, evaluators were asked to complete a questionnaire addressing issues e. g. 
system effectiveness, practicality, usability etc. Two separate questionnaires 
were prepared for managers and plant operators (see Appendix A2 for the 
questionnaires). 
The demonstration of the prototype application involved setting up a single server 
application on a tablet PC. Real time demonstration with the prototype application could 
be performed only on one site by placing the system on a machine (a wheeled loader in 
this case) and monitoring four workers in the machine's operational envelope by 
providing them with RFID tags. Evaluators expressed concerns about their busy 
schedules on the construction sites and they could only spare 30-40 minutes for the 
whole evaluation process. Secondly, it was extremely difficult to gain access to an area 
where plant and equipment were in operation due to health and safety reasons. Because 
of time and infrastructure requirements of the system, it was only feasible to show the 
evaluators a working prototype on a single server tablet PC setting. 
8.4 ANALYSIS AND DISCUSSION OF THE EVALUATION 
PROCESS 
A preliminary evaluation was conducted to trial the initial evaluation questionnaire and 
process. Three practitioners (2 managers, 1 plant operator). from a construction site at 
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Loughborough University participated in the pilot evaluation. Evaluators complained 
about the questionnaire being too lengthy and time consuming. A final set of two 
questionnaires were prepared by taking into account evaluators feedback on 
questionnaire design (see Appendix A2). 
A total of 15 evaluators participated in the evaluation process during which feedback 
was gathered on the themes given in Table 8.2. The table also highlights how these 
themes were identified. 
Table 8.2: Identification of themes for the survey questionnaire 
Theme Identified through 
System effectiveness Literature (Grover and Segars, 2005) 
Proactive nature of the system Benefit highlighted by practitioners during 
scenario validation 
Practicality of the system Concerns highlighted by practitioners during 
scenario validation 
System usability Literature (Aziz, 2005; Domdouzis, 2007) 
Financial feasibility Concerns highlighted by practitioners during 
scenario validation and literature (Bowden, 2005) 
Participants were requested to assess these themes on a level of agreement on a Likert 
scale of 1 to 5, where: 1= strongly disagree; 2= disagree; 3= neither agree nor 
disagree; 4= agree; and 5= strongly agree. The responses were quantitatively analysed 
using a variety of techniques ranging from simple percentage comparison to more 
complex parametric and nonparametric tests. The tests were carried out to determine 
whether a significant difference of opinion (at p=0.05) exists between plant operators 
and managers; this was necessary to see how both managers and operators perceived the 
system. In addition, participants were requested to answer open ended questions which 
generated qualitative data. This data was analysed to suggest: 
  improvements in the system; 
  potential system benefits; 
  hard (technical) and soft (social and cultural) issues; and 
  barriers to the application. 
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8.4.1 System Effectiveness 
In terms of system effectiveness, it can be seen from Table 8.3 that the managers mostly 
agree that "the system is useful" and "will contribute towards accident reduction", as 
both questions having received a combined level of agreement of 62.5%. For the same 
questions, a more varied trend is observed in the responses of plant operators and 
supervisors (see Table 8.4), where 14.23% disagreed and a similar number strongly 
disagreed when asked about "system usefulness" and "contribution towards accident 
reduction" respectively. With a high level of agreement from management, it may be 
inferred that management sees the potential of the system whilst plant operators are 
more reserved. An almost similar trend in agreement levels was noticed among 
managers and operators when asked if the system "will help monitor the workforce" 
working in the operational envelope of plant and equipment. Yet again, site 
management agrees with the system's monitoring capability however operators had 
mixed opinions about it. It may be argued here that operators view the monitoring 
ability of the system negatively as a `spy' instead of considering it as an advantage for 
improved site safety. 
Finally, when asked about the system's relevance for the industry needs, operators 
again gave a mixed response which was more towards agreement (28.57% agreed and 
28.57% strong agreed). However, the majority of management (87.5%) agreed that the 
system had a relevance for the industry's needs. With a high agreement level, it may be 
inferred that the industry, in general, recognises the need for more comprehensive 
measures for improved plant related safety on construction sites. 
Table 8.3: Results of responses from managers on system effectiveness 
Ref 
No System Effectiveness 
Level of agreement (%) 
1234 5 
I consider the overall SightSafety system: 
1.1 is a useful application. 37.5 50.0 12.5 
1.2 Will contribute in reducing accident rates on sites 37.5 50.0 12.5 
1.3 
will help in monitoring the workforce working in 
the operational envelope of plant. 12.5 50.0 37.5 
1.4 has a relevance for the industry's needs. 12.5 87.5 
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Table 8.4: Results of responses from plant supervisors and operators on system effectiveness 
Ref Level of agreement (%) 
No System Effectiveness 
12345 
I consider the overall SightSafety system: 
1.1 Is a useful application. 14.3 28.6 28.6 28.6 
1.2 Will contribute in reducing accident rates on sites 14.3 57.1 14.3 14.3 
1.3 
will help in monitoring the workforce working in 
the operational envelope of plant. 14.3 28.6 28.6 28.6 
1.4 has a relevance for the industry's needs. 14.3 14.3 14.3 28.6 28.6 
8.4.2 A Proactive System 
In terms of the proactive nature of the system, it can be observed from Table 8.5 that 
managers approved of the ability of the system "to improve health and safety practices 
on a construction site" (75% agreed) and "to help towards a proactive health and safety 
management system" (75% agreed). Interestingly, an even higher percentage of 
managers endorsed the view (e. g. 50% agreed and 37.5% strongly agreed) that the 
system will help managers to retrieve vital information that may subsequently be "used 
as a training aid for inexperienced workers". These figures highlight the fact that there 
is a high level of recognition among managers on the system's ability to help 
management `learn' how to improve upon current best practice adopted. It may be 
inferred here that managers appreciate the use of a tool to provide support in decision 
making as suggested by O'Brien (1999). 
On the other hand, the response of plant operators and supervisors was quite at odds 
when asked if they considered the system would "improve health and safety practices 
on a construction site" (see Table 8.6). A high level of disagreement was observed 
when asked if the system's information could be used as a training aid for managers (as 
57.1% of respondents disagreed). It may be inferred here that plant operators did not 
consider it useful to transfer the information of workers (working in a machine's 
operational envelope) to managers. An apparent explanation could be that operatives 
want to hold back this information from management in order to avoid any 
consequences of the unsafe practices in machines' operational envelope. Another reason 
cited for the lower level of acceptance of the system among plant operatives is that they 
have low technical literacy. Although they were given a complete demonstration of the 
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system, it is apparent that a full appreciation of the system can only be acquired when 
hands-on experience is gained. 
Table 8.5: Evaluation results on the proactive nature of the system by managers 
Ref Level of agreement (%) 
No Proactive System 
12345 
I consider that the SightSafety system: 
2.1 will enable managers to learn how to improve 
health and safety practices on a construction site. 25.0 75.0 
2.2 will help managers to retrieve information that 
may subsequently be used as a training aid for 
inexperienced workers. 12.5 50.0 37.5 
2.3 will help towards a proactive health and safety 
management system. 25.0 75.0 
Table 8.6: Evaluation results on the proactive nature of the system by plant operators and supervisors 
Ref Level of agreement (%) 
No Proactive System 
12345 
I consider that the SightSafety system: 
2.1 will enable managers to learn how to improve 
health and safety management practices on the 
construction site? 14.3 28.6 14.3 28.6 14.3 
2.2 will help managers to retrieve information that 
may subsequently be used as a training aid for 
inexperienced workers? 57.1 14.3 28.6 
8.4.2 System Practicality 
Participants were also enquired about practicality of the application. Here particular 
emphasis was given to understanding the `soft' issue i. e. acceptance of personnel 
tagging by the construction workers. The responses on system practicality from 
managers, presented in Table 8.7, show that nearly 63% of managers interviewed 
support the view that "the system is a practical solution". The response from the 
managers was fairly diverse when asked if they were "comfortable with the idea of 
employee tagging". It was interesting to see a relatively high percentage (as 12.50% 
agreed and 37.50% strongly agreed) in favour of an idea which has many `soft' (social 
and cultural) issues associated with it. It may be argued here that the managers have 
ignored the monitoring concerns of workers. In addition, they may foresee that system 
training and awareness among the workforce can reduce the tagging implications. 
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In contrast, plant operators and supervisors were divided on the opinion "system being a 
practical solution" (see Table 8.8); 42.9 % disagreed, 14.3% agreed and 42.9% strongly 
disagreed. However, a clear majority were not "comfortable with the idea of employee 
tagging", with 28.6% disagreeing and 42.9% disagreeing strongly. This evidently points 
out to the implications of technology application in a social domain (construction site) 
where the management needs to keep a track of all events while the workforce wants to 
work without any restrictions. This argument was further endorsed when both the 
groups were asked if in their opinion "the workers will use the system without any fear 
of being monitored" and a clear majority of both user groups disagreed with the 
statement. 
When the managers were asked if in their opinion "plant operators would use the 
system", all of the respondents (100%) were not sure if they would use it or not. 
However, interestingly 42.9% of the plant operators agreed that they will use the 
system. Finally, both user groups were entirely convinced that a "major system training 
will be required" for the initial system setup. This will add up to the additional training 
cost of the system which the managers also need to take into account. 
Table 8.7: Evaluation results on system practicality by managers 
Ref 
No System Practicality 
Level of agreement (%) 
12345 
In my opinion, 
3.1 I consider SightSafety a practical solution. 37.5 62.5 
3.2 I am comfortable with the idea of employee 
tagging. 12.5 25 12.5 12.5 37.5 
3.3 The workers will use the RFID embedded swipe 
cards without any fear of being monitored all the 
time by management. 50.0 25.0 25.0 
3.4 I am convinced that the plant operators will use 
the system. 100.0 
3.5 major system training will be required for the 
system setup 25.0 37.5 37.5 
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Table 8.8: Evaluation results on system practicality by plant operators and supervisors 
Ref Level of agreement (%) 
No System Practicality 
12345 
In my opinion, 
3.1 I consider SightSafety a practical solution. 42.9 14.3 42.9 
3.2 I am comfortable with the idea of employee 
tagging. 28.6 28.6 42.9 
3.3 The workers will use the RFID embedded swipe 
cards without any fear of being monitored all the 
time by management. 28.6 71.4 
3.4 I am convinced that the plant operators will use 
the system. 14.3 42.9 42.9 
3.5 major system training will be required for the 
system setup 71.4 28.6 
8.4.3 System Usability 
Participants were requested to answer questions on usability of the prototype 
application. The idea behind this investigation was to determine if the users considered 
the system easy to use. When asked if the prototype system is "a user friendly system", 
it was noteworthy that plant operators and supervisors regarded the system more user 
friendly (see Table 8.10) when compared with managers (see Table 8.9). This shows 
that operators who are commonly less technically literate did not find the system too 
complicated. 
When the managers were inquired about the "information delivery on the screen and 
interface design of the system", half of them (50%) were uncertain about it (see Table 
8.9). It may be inferred here that the managers were not sure how well an average user, 
generally having low technical literacy, would receive the system. On the contrary, the 
plant operators and supervisors were reasonably satisfied with the information displayed 
on the screens and with the system interface (see Table 8.10). The results show a 
positive feedback about the usability of the prototype system. However, further 
improvements can be made by addressing user suggestions (discussed in the 
forthcoming section of the chapter) in order to get a convincing response. Secondly, 
many user uncertainties can be removed if hands-on experience of the system is 
acquired over a certain period of time. 
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Table 8.9: Evaluation results on system usability by managers 
Ref 
No System Usability 
Level of agreement (%) 
12345 
In my opinion, 
4.1 SightSafety is a user friendly system. 12.5 50.0 37.5 
4.2 the information is displayed effectively on the 
screen. 50.0 50.0 
4.3 the system interface is easy enough for an average 
construction worker (assuming low technical 
literacy) to learn and use for his daily tasks. 75.0 25.0 
Table 8.10: Evaluation results on system usability by plant operators and supervisors 
Ref 
No System Usability 
Level of agreement (%) 
1234 5 
In my opinion, 
4.1 SightSafety is a user friendly system. 14.3 14.3 42.9 28.6 
4.2 the information is displayed effectively on the 
screen. 14.3 14.3 42.9 28.6 
4.3 the system interface is easy enough for an average 
construction worker (assuming low technical 
literacy) to learn and use for his daily tasks. 28.6 57.1 14.3 
8.4.4 Financial Feasibility 
Cost barriers are identified as a major hurdle in any technology applications. As a result, 
managers were asked if the industry would be ready to invest in this application. A 
breakdown of system cost was provided to them (based on the cost of the IDENTEC 
solution hardware at the time of purchase). The response on a unit cost (a receiver 
mounted in a vehicle) was very mixed (see Table 8.11) with a low mean value of 2.75 
(see Figure 8.1). However, 50% of the mangers agreed on the price of personnel tags 
with a slightly higher mean value of 3 (see Figure 8.2). It is suggested here that the 
implementation of this system in the construction industry will only be possible if 
industry experts see advantages of the system out-weighing the cost. With the reducing 
cost of technology in general (Aziz, 2005) and RFID in particular (Brown, 2007), the 
system can be envisaged as a very feasible system. 
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Table 8.11: Evaluation results on financial feasibility by managers 
Ref 
No Level of agreement 
Financial Feasibility 
12345 
/ think the sYstem is_/inancialh' feasible when, 
5.1 One unit (per vehicle) costs approximately £2000.25.0 12.5 25.0 37.5 
5.2 each personnel tag costing approximately £15 or less. 25.0 25.0 50.0 
Figure 8.1: Histogram for manager response on unit cost 
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Figure 8.2: Histogram for manager response on tag cost 
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8.4.5 Difference of Opinion Between Managers and Plant Operators 
In order to determine whether a significant difference in opinion exists between 
managers and operators, a combination of analytical techniques were carried out on the 
responses of the two groups. These included comparison of means and medians, mean 
distribution, parametric (t-test) and non-parametric (Wilcoxon) test. 
Summary Statistics 
Mean (the average of the data) and Median (the value in the centre of the ordered data) 
are the most popular measure of central tendency (Kvanli et al., 2000). A median 
generally provides a more reliable measure of central tendency in the presence of one or 
more outliners (very high or low values compared to other average values) (ibid). Table 
8.12 presents a comparison of mean and median values for responses by managers and 
plant operators. The mean comparison highlights a trend that the means of the two 
groups are in close proximity. However, there are some obvious exceptions e. g. 
"Eff monitoring" (will help in monitoring the workforce working in operational 
envelope of plant), "Pro learn" (will enable managers to learn how to improve health 
and safety practices on a construction site), "Pro 
_training 
aid " (will help managers to 
retrieve information that may subsequently be used as a training aid inexperienced 
workers), "Pra comfortable" (I am comfortable with the idea of employee tagging) and 
"Usa userjriendly" (SightSafety is a user friendly system), where difference in means 
can be observed. 
Table 8.12: Mean for the responses of plant operators and managers. 
Ref No Code Mean (Manager) Mean (Operator) 
1.1 Effuseful 3.75 3.71 
1.2 Eff reduced_accident 3.75 3.14 
1.3 Eff monitoring 4.25 3.29 
1.4 Eff_relevance 3.88 3.43 
2.1 Pro-learn 3.75 3.00 
2.2 Pro_training_aid 4.25 3.14 
3.1 Pra_practical 3.63 3.57 
3.2 Pra_comfortable 3.38 2.14 
3.3 Pra_fear 1.75 1.71 
3.4 Pra_operators use 3.00 3.14 
3.5 Pra_setup training 4.13 4.29 
4.1 Usa_user_friendly 3.13 3.86 
4.2 Usa_display 3.50 3.86 
4.3 " Usa interface 3.25 3.86 
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In order to confirm a difference between the population means, a t-test is recommended 
(Rees, 1995). The statistical test has a general assumption of normality in the population 
data (i. e. the scores should be normally distributed in the population), which must be 
met prior to analysis (Coakes and Steed, 2003). The simplest method of testing for 
symmetric distribution (or normality) is to compare the mean and median, data is 
symmetric if these two values are equal or near equal (Kvanli et al., 2000). As the mean 
and median value drift apart, the data is `skewed' (ibid). The degree of skewness 
present in the sample data can be measured using `Pearsonian coefficient of skewness 
(Sk)'. Its value is given by: 
Sk. 
3(x-Md) 
s 
where x= Mean, s= Standard Deviation and Md = Median. The value of Sk ranges 
between -3 to 3. When Sk =0 (i. e. Mean = Median), data is perfectly symmetric. 
A histogram constructed from the sample can help determine whether the sample 
distribution is normal (Nouru3is, 2004). A histogram indicates through a `normal curve' 
if the data is symmetric, where the curve is characterised by a symmetric and smooth 
bell-shaped appearance (ibid). Consequently, histograms for all the variables in Table 
8.12 were generated (see Appendix E) together with the values for standard deviation. 
This value, along with the mean and median values were used to determine the value of 
Sk. All these summary statistics are listed in Table 8.13 which shows that some level of 
skewness exists which may affect the reliability of the t-test. Therefore, in some 
instances the assumption of normality is questionable and the approval of t-test requires 
the application of `alternative' non-parametric measures e. g. the Wilcoxon signed-rank 
test. Consequently, both parametric (t-test) and non-parametric (Wilcoxon signed-rank 
test) tests were conducted to determine if any significant difference of opinion exists 
between managers and plant operators. By using both tests the validity of test results 
could be cross referenced and confirmed. 
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Parametric Test - Independent Sample t-test 
The independent sample t test assesses the differences between the means (or averages) 
of one dependent, test variable (numerical), when it is grouped by a second independent 
variable called the grouping variable (Kendrick, 2005). In case of the present data, the 
grouping variable was the `position' variable which could hold the value `1' for 
managers and `2' for plant operators. All the other variables (listed in Table 8.13) are 
the dependent variables. The following hypothesis was tested in the t-test: 
Ho: gManager = . Operator " The mean difference between opinion of managers and plant . 
operators is zero, hence there is no difference of opinion". Hi: µManager ý µoperator "The 
mean difference between opinion of managers and plant operators is not zero, hence 
there is significant difference of opinion between managers and plant operators". Where 
µ is mean of the sample. 
The t test was generated through SPSS at 95% confidence interval of the mean. The 
output is shown in Table 8.14. The table shows the results of Levene's test, which is 
performed to see whether the variances are different enough to cause concern. 
According to Field (2000) if Levene's test is significant at p: 5 0.05 then it is concluded 
that the variances are significantly different and the row in Table 8.14 with label Equal 
variances not assumed is read. However, if Levene's test is non-significant at p>0.05 
then the difference between the variances is zero and the test statistics row labelled 
Equal variances assumed should be read. For example, in Table 8.14 for the first 
variable "Eff useful" (SightSafety is a useful application) p=0.182 which is greater 
than 0.05, hence the row with Equal variances assumed was taken into account. 
Having established that the assumptions of Levene's test are met, SPSS also generates 
the values for the t-test automatically (see Table 8.14). The value of t is measured 
against the value of t that can be expected for a certain degree of freedom or df (Field, 
2000). For example, t for the first variable "Eff useful" is 0.075 for the degree of 
freedom of 13. The two tailed probability of 0.941 (i. e. greater than 0.05) shows that 
there was no significant difference between the means of these two sample and as a 
result Ho is accepted. Thus, it may be concluded that there is no difference of opinion 
among managers and plant operators on system usefulness. Similar to the first variable, 
it is noticed that in all instances p>0.05 (when Table 8.14 is examined for all other 
variables). Hence, it can be concluded that in all instances there is no significant 
difference of opinion in responses by managers and plant operators. 
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Nonparametric Test - Wilcoxon Signed-Rank Test 
Nonparametric tests are most useful for small samples when there are serious 
divergences from the required assumptions (Nourusis, 2004). The Wilcoxon signed rank 
test is a nonparametric technique which is used when small samples from suspected 
non-normal populations are used (Kvanli et al., 2000). 
For the given case of responses for managers and plant operators, the Wilcoxon signed- 
rank test is performed. Table 8.15 lists the test pairs and their corresponding z-score and 
two tailed p-value. For example, the test pair for response on "system usefulness" by 
managers and plant operators is based on negative ranks, has a z-score of -0.087 and 
that this value (of z-score) is significant at p=0.931. Since the observed significance 
level is large (0.931 and greater than 0.05) the null hypothesis is accepted and it can be 
conclude that the mean rank of response by manager does not differ from that of plant 
of operator. Similarly, this is the case for all the other test 'variables. Hence it can be 
concluded here that the results of nonparametric test backs' up the results of the 
parametric test and there are no significance difference of opinion in the responses by 
plant operators and managers. 
Table 8.15: Wilcoxon signed-rank test 
Test Pairs z 
Asymp. Sig. 
(2-tailed) 
Eff useful_Oper - Eff useful_Mana -. 087a . 931 
Eff reduced_accident_oper - -. 962b 336 Eff reduced accident_Mana . 
Eff monitoring Oper - Eff monitoring Mana -1.084b . 279 
Eff_relevance Oper - Eff relevance Mana -. 680b . 496 
Pro-learn-Oper - Pro-learn Mana -1.089' . 276 
Pro_training_aid_Oper - Pro training_aid Mana -1.382' . 167 
Pra_practical_Oper - Pra_practical Mana -. 176b . 
860 
Pra__omfortable_Oper - Pra comfortable Mana -1.160b . 246 
Pra_fear_Oper - Pra_fear Mana -. 4478 . 655 
Pra_operators use_Oper - Pra operators use Mana -. 378a . 705 
Pra_setup training_Oper - Pra_setup training_Mana -. 378a . 705 Usa user friendly_Oper - Usa user friendly_Mana _ -1.200" . 
230 
_display_Oper - 
Usa_display_Mana Usa -. 828a . 408 
Usa interface_Oper - Usa_interface Mana -1.4148 . 157 
a Based on negative ranks. 
b Based on positive ranks. 
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8.4.6 Evaluator's Feedback on System Benefits, Barriers and 
Improvements 
The respondents who took part in the evaluation process identified many benefits of the 
system implementation (see Table 8.16) which included improved site safety, accident 
investigation, operator awareness etc. However, practitioners also highlighted certain 
`hard' (technical) and `soft' (social and cultural) issues (see Table 8.17) and barriers 
(see Table 8.18) that may influence system implementation. Consequently, they 
suggested several additions to the prototype system and the discussed scenarios (see 
Table 8.19); practitioners perceived these additions to be useful for successful 
implementation of the system in future. These enhancements included mobility, changes 
to display and tag information etc. 
Table 8.16: Benefits of the suggested system 
Benefits Evaluator's feedback on benefits 
Improved   "Improved safety around machinery. " 
safety   "Safer working environment. " 
  "The system is very useful for big construction projects where 
there are a number of contractors and a huge workforce. It is not 
easy to manage and communicate with all these people. Such a 
system would help to find out who is doing what and whether he 
should be there or not. " 
Improved "Accurate accident and near miss accident reporting. " 
accident   "... accident information can be used as a training aid for 
investigation inexperienced staff. " 
Operator   "Making the operator more aware of what is around him. " 
awareness   "Provides an extra `set of eyes' for the machine operator. " 
  "Alerts plant driver of all operatives within the zone radius. " 
  "... its normally the backside of 360 [excavator] where people get 
injured... it will definitely help. " 
Proactive   "Proactive way of reducing accidents. " 
  "... may point to relocation of operatives to another area of work 
if there is a repeated movement within a zone. " 
  "... assess and act on near miss occurrences. " 
  "Self help to operatives who work in an inherently dangerous 
environment. " 
Identification   "Identifies personnel and their movement within the plant zone 
radius. " 
User friendly   "Simple to use. " 
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Table 8.17: `Hard' and `soft' issues influencing system implementation 
Issues Evaluator's feedback on 'soft' issues 
The 'Big Brother'   "... its very important that it is not seen as a monitoring 
syndrome tool. " 
  "Monitoring of operatives should be discouraged by this 
system. " 
  "The `big brother' monitoring issue could be a drawback. " 
  "We don't want to be monitored. " 
Low technical   "Getting the lads to accept it will take time... as it is used by 
literacy relatively low skilled workers who may not be too smart. " 
  "Many of the operators are not technology literate... they 
will need some convincing and training. " 
Reluctance to   "Construction work is different from office work and thus 
change change management would be required on a large scale with 
investment into training. " 
  "... we are slow to adopt new technology. " 
Trust   "... what if someone else uses my card?... what if I forget 
my card? " 
Issues Evaluator's feedback on 'hard' (technical) issues 
Technological   "Swipe cards or tags have to be carried at all times... system 
constraint might be unworkable if a worker is not carrying it. " 
  "For such a system breakdowns will be unacceptable... it 
has to be up all the time. " 
  "The system should be 100% workable at all times if used on 
a site. Any failings might risk health and safety of people 
around as people get too dependent on systems and become 
careless. " 
  "Past systems had some interferences with the frequency. " 
Integration   "The system should be easily integrated with other systems 
that we are using on the site... it should be extensible. " 
Need for rugged   "... general wear and tare on a site... system should be tough 
hardware enough for the harsh conditions. " 
Mobility   "System should be easily fitted/removable onto the 
machine. " 
Usability   "the tablet PC screen is too big to be placed inside a cabin... 
it has to be smaller in size. " 
  "Its difficult to see the screen when it is too bright. " 
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Table 8.18: Barriers to system implementation 
Barriers Evaluator's feedback on barriers 
Cost   "Cost of the system can be an issue. " 
  "Initial setup and training cost can be an issue. " 
The 'Big   "Monitoring of operatives could be an issue initially. " 
Brother'   "Full-time monitoring of operatives may be an issue with the 
syndrome unions... infringement of civil liberties. " 
  "The feeling of being monitored will not work well within the 
people working on site... any change is not readily accepted by 
staff whether working in office or site. " 
Administration   "Extra supervision on site would be needed... like for PPE at the 
moment. " 
  "Workers may forget their tags and the system may not be used 
effectively. " 
Information   "Too much data is collected. " 
overload 
Fragmented "A construction project is a complex business... there are architects, 
nature of a contractors, subcontractors, suppliers etc... I see a collaboration 
construction problem for this system. It has to be decided who is going to pay for 
project the system and who is going to use the information. " 
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8.4.7 Further Investigation Based on the Evaluation 
The evaluation process highlighted some areas that were considered significant for the 
success of the ICT application. As a result some further research was carried out on 
the following issues: 
`The Big Brother Syndrome' 
A persistent theme identified in the evaluation process was concern among workers 
who feared that they may be constantly monitored through this system by 
management. One obvious reason for this sceptical view was that they were not using 
the swipe card system on their sites. A manager (subcontractor) on one of the 
evaluation sites suggested, 
"the best way to move ahead with this system is to involve the big players of 
the industry first... they have the resources and the will. Many of them already 
have got the swipe card system in place. " 
Based upon this recommendation, one of the interviewees (a health and safety 
manager of case C, see Table 2.8) was contacted again for additional feedback on the 
issue. His views on the subject matter were: 
"I don't particularly see tagging as a problem, we do something similar 
here... not to this degree because our cards are zone cards. When somebody 
comes to the site or office we know that who has come in... during the course 
of the day people will use swipe machines so we can know where they have 
been and the time they have spent there. We have about 500 people working 
here, they all have to go through this security check and they must swipe their 
cards to get an access to the site. However, we use this information only for 
emergencies e. g. if there is a fire alarm that went off we actually calculate 
how long it took to evacuate the place, when they came back again and who 
came back etc. So we already have a system in place. I do not see a problem 
with the tagging approach as long as it explains what it is for and how it can 
be effective. " 
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The health and safety manager, however, suggested a few measures in order to get the 
workers to accept the system, which are: 
  making the workforce believe that using the system will improve their health, 
safety and welfare on the site; 
  convincing workers that the information is not used for monitoring purposes; 
and 
  providing them with the right training to use the system so that they can 
overcome the fear of using this application. 
Therefore, it is proposed that initially, big construction companies who are technically 
`literate' and already have a swipe card system in place, should implement the RFID 
application. Moreover, they should be willing to invest in any further expansion of the 
system into a fully developed product thus providing financial support that will aid 
future modifications 
Fixed vs. Detachable System 
Two evaluators in their feedback suggested a detachable device (RFID reader along 
with a display unit) to be mounted inside the vehicle cabin. This proposal was further 
investigated because it suggested installing the reader device only with the vehicles 
that are being operated during the construction activity instead of the entire plant fleet, 
thereby reducing the overall system cost. Secondly, it would make the collaboration 
process among contractor and subcontractors more practical. The principle contractor 
is typically responsible for the health and safety process in a construction project. The 
system can be deployed by the principal contractor who would also own the 
information generated from the system. 
However, prior to making any decision in favour of a detachable system, the future 
for fitting such a system on plant and equipment was discussed with the 
manufacturers of these machines. A total of 5 experts from two leading plant 
manufacturers were interviewed (the list is provided in Table 8.20). 
All the interviewees were asked about their views on fixing such a system in the cabin 
of machines. All respondents suggested that they will only consider such an option if 
there is a demand from clients for such a product. One product manufacturer pointed 
out: 
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Table 8.20: List of manufacturers interviewed 
Org 
Code S/No Job Title Organisation Type 
A1 Chief Economist Plant Manufacturer (3`d largest in the world) 
A2 Product Support Manager Plant Manufacturer (3`d largest in the world) 
A3 Principal Development Engineer Plant Manufacturer (3rd largest in the world) 
B4 Product Marketing Plant Manufacturer (largest in the world) 
B5 Engineering Platform Team Leader Plant Manufacturer (largest in the world) 
"... we are very customer driven. So far we have only once been enquired 
about such a system and that too very recently, our customers normally do not 
ask for these sort of bolt-on. However, if we add such devices in our products 
they will become more expensive, which the customers may not like. We don't 
see a value for money for these products at the moment. " 
The Chief Economist of one of the manufacturers pointed out a significant barrier to 
installation of such safety devices in machines by manufactures for the UK and EU 
market. According to the expert: 
"... major plant manufacturers are only getting half of the market share. 
According to my estimate 20 - 50% of the plant in the UK are `grey' plants, 
mostly second hand equipment which is coming from other parts of the world. 
All the dealers have to do is to pay £5 to get the certification. Therefore, I see 
that ultimately `bad' machines will drive out the `good' machines. Secondly, 
in practice only the UK will have certain laws due to HSE but rest of the EU 
have their own interpretations of their Government Law. Therefore, at the 
moment we do not have same health and safety legislation or standards across 
Europe. We provide and manufacture plant for entire international and 
European market, not only for the UK. We would welcome any legislations 
and requirements that are standard and all parties agree, only then we can 
accept and take such a system on board. " 
The barriers pointed out by the interviewees indicated a detachable device as a 
potential solution. After a secondary research, RAM Mount Company (RAM, 2007) 
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was selected that deals with a product line (based on a patented design) consisting of 
vehicle mounts for electronic equipment (such as laptops, tablet PC, navigation devices 
etc. ). The selection was on the basis of incorporation of non-slip as well as shock and 
vibration dampening features of the vehicle mount. 
The mounting configuration that was used for the prototype is shown in Figure 8.3. This 
was considering the tubular frame (or caged units) generally available inside the cabin 
of vehicles. Depending on size of the rail, the configuration used could easily be 
adjusted. However, a variety of mounting configurations are available to suit various 
equipment types. Thus, it is proposed that for any future developments of the prototype 
system, a careful ergonomics study on where and how to mount the SightSafety system 
inside the plant cabin is required. 
Figure 8.3: Mounting configuration used for prototype system (approximate cost £45) 
rf _`w 
Cradle 
RAM-201 
4M-231 -p 
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8.5 CHAPTER SUMMARY 
This chapter has presented the results of the evaluation process carried to collect user 
feedback on the prototype system. In general, there was positive feedback from the 
evaluators regarding the prototype's relevance to industry needs. Participants took a 
keen interest in the presented system demonstration and a few illustrative comments 
were: 
  "A study well worth undertaking, which could be of great benefit to the 
industry. " 
  "Health and safety can be improved if this system is introduced with minor 
amendments throughout the UK. " 
For the evaluation process, respondents were divided into two groups namely, 
managers and plant operators. Evaluators' feedback on system effectiveness, 
practicality and usability, proactivity and financial feasibility was collected. During a 
simple percentage analysis of the collected data, a difference in opinion was observed 
among the two respondent groups. This was followed by parametric and 
nonparametric statistical analysis in order to determine if the difference in opinion is 
significantly different. The analysis showed that for all responses there is no 
significant difference of opinion between managers and plant operators. The 
evaluators also identified various benefits that the system can offer to the industry. 
Moreover, they pointed out various barriers ('hard' and `soft' issues) that can 
influence the system implementation. Finally, the evaluators suggested several 
improvements for successful future implementation of the ICT application. 
A few important concerns that were highlighted during the feedback and were further 
investigated included: (i) a `hard' issue of having a detachable device in the vehicle 
cabin instead of a fixed one and (ii) a `soft' issue related to the fear among workers of 
being monitored by the device. Subsequent interviews were carried out to understand 
the way forward. It was concluded that detachable units were more appropriate for the 
situation. Secondly, any future development of the system should be initially 
implemented with major companies of the construction industry who have a culture 
which is more receptive to technology. 
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CHAPTER 9 
RESEARCH CONCLUSIONS, LIMITATIONS AND 
RECOMMENDATIONS 
9.0 INTRODUCTION 
Findings emanating from the Health and Safety Executive (HSE) statistics have led to 
an acknowledgement that accidents involving plant/pedestrian collisions have 
remained relatively high year on year. This is in spite of many initiatives taken to 
improve health and safety on construction sites by the HSE. An examination of health 
and safety processes for plant and equipment on construction sites has highlighted 
some of the root causes of accidents. To work towards resolving these problems, 
managers on site must be equipped with fully integrated ICT systems that allow them 
to manage the risk more efficiently and effectively. Accordingly, a prototype system, 
entitled SightSafety, was developed in the research undertaken which required RFID 
tags to be carried by personnel working in machines' operational envelope. The 
system `reads' and records the presence of workers in the operational envelope as part 
of the advanced plant MIS system to inform plant operators and managers of 
imminent danger. Whilst not a panacea to safety problems, such a system will 
significantly advance the management of risk imposed whilst operating mobile plant 
and equipment on construction sites. 
This chapter presents a summary of the research conducted and demonstrates how the 
aim and objectives were achieved. Furthermore, a synopsis of main conclusions is 
presented. In addition, the main limitations of the research are presented together with 
recommendations for future study. 
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9.1 SUMMARY OF RESEARCH . 
The aim of this research was to investigate and capture the current health and safety 
process associated with construction plant management and to develop emerging ICT 
application for the process improvement. This aim was developed to provide answers 
to the following research questions: 
1) What are the most popular plant items and what are the typical operations of 
these? What are the safety concerns associated with these aforementioned 
machines on a construction site? 
2) What existing ICT solutions are available to improve plant performance, 
safety and productivity? 
3) What are the developments and trends in the field of emerging ICT and what 
are the applications of these in the construction and other industries? 
4) What are the current health and safety practices used for plant and equipment 
on a construction site and what are the limitations of the process? 
5) What are the information needs of plant managers and operatives and how can 
these be addressed? 
6) What should be the features of an ICT application for effective plant and 
equipment management in the construction industry? 
7) How can the implementation of ICT (incorporation of information system with 
RFIDs and mobile computing in particular) improve health and safety 
practices for plant operators, safety managers and workers working within 
close proximity of machines? 
8) What are the barriers to the effective implementation of ICT within the plant 
and equipment sector? 
Subsequently, the following specific objectives were identified to achieve the aim: 
1) To identify popular plant types; to develop an understanding of standard 
operations and to determine the existing use of technology to make these 
machines more productive and effective tools on construction sites; 
2) To determine advancements and trends in the use of ICT to identify the 
application of these technologies for the construction industry; 
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3) To document and understand the existing `standard practice' health and safety 
processes adopted for plant and equipment on a construction site; 
4) To develop implementation scenarios for improved onsite health and safety 
process for mobile machinery with respect to plant operators, safety managers 
and pedestrians operating in vicinity of vehicles; and 
5) To design, develop and evaluate a prototype application that demonstrates the 
use of ICT (IS incorporating RFIDs in particular) to augment current health 
and safety process provisions within the construction industry. 
A summary of the specific tasks carried out in achieving the research activities have 
been discussed below. 
Objective 1: To identify popular plant types; to develop an understanding of standard 
operations and to determine the existing use of technology to make these machines 
more productive and effective tools on construction sites. 
This objective was achieved through the review of past literature from both academic 
and government sources. The generic construction plant and equipment items were 
grouped on the basis of typical operations i. e. earthmoving and lifting. The most 
commonly used attachments that are chosen to maximise machine performance were 
also indicated. 
During the appraisal of plant and equipment, several areas of concern for plant 
managers were identified. In particular, this included health and safety issues covering 
pedestrian protection, collision detection, information management etc. A detailed 
analysis of plant related accidents incurred by the construction workforce was carried 
out for the period 1994-2004. It was highlighted that the extensive use of plant and 
equipment has resulted in a consistent trend of workplace transport accidents on 
construction sites. An appraisal of reasons for accidents on construction sites and 
relevant safety regulations was also carried out. Finally, the review highlighted the 
efforts by both academics and plant manufacturers to apply hybrid ICT solutions for 
improved machine performance and safety. It was noted that a number of applications 
ranging from operation specific control systems to tracking systems are available for 
the benefit of vehicle automation, safety management and performance measurement. 
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Objective 2: To determine advancements and trends in the use ofICT and identify the 
application of these technologies for the construction industry. 
In order to investigate how plant managers and operators can exploit ICT for the 
benefit of better plant management and safety on construction sites, a review was 
carried out to explore the advancements and trends in the use of emerging ICT. The 
reviewed applications included long-established technologies such as MIS and more 
recent developments such as wireless communication, mobile computing, positioning 
and electronic tagging technologies. 
The appraisal of these technologies showed that there is a need to develop a 
comprehensive management system that integrates these recent technologies for the 
benefit of construction industry in general and for plant and equipment management 
in particular. The review also underlined the significant advancements in RFID 
technology and how various industries (e. g. retail, manufacturing, transportation, 
health etc. ) have benefited from it. Finally, it was suggested the potential of RFID 
applications for improved plant management on a construction site should be explored 
further. 
Objective 3: To document and understand the existing `standard practice' health and 
safety processes adopted for plant and equipment on a construction site. 
This objective was achieved through multiple case studies in which five construction 
projects across the UK were visited. Semi-structured interviews with practitioners and 
document analysis on each project were carried out to report upon standard safety 
practices for plant and equipment. Data Flow Diagrams (DFD) were used as a 
modelling tool to record the observed safety practices for example: plant specific 
health and safety process (addressing plant acceptance test, operator training, risk 
assessment, machine maintenance etc. ); accident investigation process; training and 
safety awareness practices etc. Components of these recorded practices also assisted 
in establishing appropriate industry guidelines for effective use of ICT for plant and 
equipment management. In addition, the semi-structured interviews were also used to 
identify plant related health and safety issues on construction projects particularly, 
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causal factors for site incidents and practitioner concerns associated with plant 
operations. 
The research highlighted various shortcomings in current safety practices adopted by 
practitioners. Consequently, these limitations helped in understanding the 
requirements for any potential process improvements (by using technology in 
particular). Findings emerging from the investigation of current safety processes for 
on-site plant and equipment led to developing guidelines for the effective application 
of technologies for process improvement. The guidelines for the industry included: 
features for an effective ICT application; an architecture and conceptual model of the 
application which integrates various components of plant management into one 
integral hybrid system; and an Entity Relationship Diagram (ERD) which identified 
the attributes for the (database) schema of such application. 
Objective 4: To develop implementation scenarios for improved on-site health and 
safety process for mobile machinery with respect to plant operators, safety managers 
and pedestrians operating in vicinity of vehicles. 
This objective was achieved using the scenario-planning method. Scenarios are 
`descriptions of possible or probable futures'. Prior to any system implementation, a 
visual description of technology implementation scenarios in real construction 
situations were discussed with industry experts. The validated set of scenarios 
illustrated the envisaged ICT application, entitled SightSafety, from the perspectives 
of four different user roles on a typical construction site. These roles were: 
i. plant operator; 
ii. construction worker (operating in the operational envelope of a machine); 
iii. plant supervisor (in charge of all mobile plant and equipment related health 
and safety); and 
iv. health and safety manager. 
The generated scenarios discussed the interactions of these roles with the SightSafety 
system. The scenarios were then used as an outline to design and develop the 
SightSafety prototype system. 
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Objective 5: To design, develop and evaluate a prototype application that 
demonstrates the use of ICT (IS incorporating RFIDs in particular) to augment 
current health and safety process provisions within the construction industry. 
The objective was achieved by designing and developing a prototype system which 
integrated emerging technologies, RFID in particular, with MIS management tools. 
This resulted in the production of a technology platform which provided a more 
comprehensive plant health and safety management solution than those currently 
available in the UK construction industry. 
For the prototype development, the hardware and software development environments 
were selected and tested. Subsequently, activity diagrams were developed to describe 
the system design in terms of business logic flow and events that cause 
decisions/actions to be undertaken in the software code. The implemented activities 
included: the communication (read/write) between RFID reader and tags; detection of 
unauthorised workers in machine's operational envelope; report for plant supervisors 
(responsible for health and safety); and electronic accident reporting and investigation 
for health and safety managers. 
Finally, the prototype system was evaluated by jointly reviewing the system with end- 
users. Site management (responsible for plant related health and safety) and plant 
operators/drivers were identified as the relevant users of the system. A demonstration 
of the application was given to the evaluators in the context of developed scenarios. In 
order to get a more structured evaluators' feedback, a questionnaire addressing 
fundamental issues (for example, system effectiveness, practicality, usability etc. ) was 
requested to be filled out. The responses were quantitatively analysed using a variety 
of techniques ranging from simple percentage comparison to more complex 
parametric and nonparametric tests. In addition, participants were requested to answer 
some open ended questions which generated a qualitative response on: system 
improvement, potential system benefits; and barriers (including technical and cultural 
difficulties) to the application. 
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9.2 KEY RESEARCH FINDINGS AND CONCLUSIONS 
The following conclusions can be drawn from this research: 
A positive correlation between plant usage and accidents on construction sites 
The demand and investment in the construction plant and equipment sector has 
increased exponentially over the years in the UK. However, a positive correlation 
exists between plant and equipment usage on construction sites and accidents 
involving plant/pedestrian collisions. Two accident categories (out of 20) recorded by 
the HSE can be directly linked with plant and equipment operations; these are 
`contact with moving machinery or material being machined' and 'struck by moving 
vehicle'. A detailed analysis of plant related accidents incurred by the construction 
workforce (i. e. employees and self-employed workers) highlighted that these 
accidents have remained relatively consistent year on year, despite substantial efforts 
of industry and academia to reduce them. For employees, an average of 3% of all the 
injuries incurred were caused due to contact with moving machinery and 2% were due 
to being struck by a moving vehicle. For self-employed persons, the average 
percentage of all injuries attributable to the two categories was 4% and 2% 
respectively. 
Consequently, it can be concluded that accidents caused due to the involvement of 
plant and equipment on a construction site are among the main sources of fatalities 
and injuries in the UK construction industry. This accident trend prevails in spite of 
government regulations and HSE requirements. As a result, there is a need to review 
the plant related safety practices on the construction sites. 
Safety concerns related to plant operations 
A re-examination of the existing safety systems and processes is required as the 
analysis of practitioners' safety concerns highlighted various shortcomings in the 
adopted practices. Some of the underlined shortcomings were: inadequate operative 
training; insufficient machine maintenance; ineffective pedestrian free operational 
envelope; and inadequate process management etc. 
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Moreover, research highlighted machine configuration as another safety concern 
where a driver's vision is impaired in certain type of machines thereby, resulting in 
inadequate all round visibility. For instance, in the case of excavators, the operator's 
vision is impaired on the right-hand side by the mast of the machine and at the back 
due to machine's counterweight. 
Additionally, the supply chain and operatives within it, influence quality standards in 
the downstream (contractor/subcontractor) supply chain. Low quality subcontractors 
and reduced process conformity also effects the health and safety processes on a 
construction site. 
Existing health and safety process employed for plant related operations 
The case studies conducted as part of this research were used to develop process 
models by employing DFD as a modelling tool. These DFD helped to: understand the 
procedures and processes employed in construction projects for health and safety of 
plant related operations; identify the opportunities for process improvements by 
employing ICT as an enabler; and identify information needs of plant related 
workforce such as managers and plant operators. However, the same procedures and 
processes documented in this research can be adopted time and again by other 
developing construction industries around the world where processes are less 
developed compared to the UK construction industry. Furthermore, there are growing 
concerns in these industries over construction activities and construction worker 
safety. 
Need for process improvement 
Additional measures, controls systems and procedures are required to reduce plant 
related accident rates to acceptable levels. This provides a business case for the use of 
ICT as an enabler for improvement in the process of health and safety for plant related 
activities on a construction site. Emerging ICT systems should not only be explored 
for superior plant management on construction sites but also for improved operator 
awareness and site safety. RFID is one such technology which has mostly been 
utilised so far for material tracking and automatic data collection purpose. There is a 
need to investigate the potential of RFID application (which offers non-contact 
reading and has proved highly effective in hostile environments such as construction 
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sites) for plant management, health and safety on construction sites and accident 
management. In particular, the technology, along with mobile computing and real 
time tracking systems, when integrated with MIS is presumed to lead to a far-reaching 
technology platform where information needs of plant operators and safety managers 
are targeted and addressed. 
Need for information integration 
In order to develop a sustainable technology platform that lends itself to improved 
plant management and safety, practitioners indicated that certain features should be 
incorporated for an effective ICT application. These features include: enhanced all- 
round awareness for plant operators; detection of operatives entering the machine's 
operational envelope; availability of employee training levels to site managers on all 
instances; alerts for management on plant maintenance schedules; accident 
information management; and accident trend generation. As a result, there is a need to 
develop a more comprehensive management system for construction plant. 
Practitioners identified that such a system should share information among different 
software applications (such as project plans, personnel and training, audit and 
inspections, plant management and accident management) rather than each 
application maintaining its own subset of information. 
SightSafety: Application of ICT to address safety needs of plant operators and 
managers 
The prototype application (i. e. SightSafety), which incorporated RFID technology and 
mobile computing with plant MIS, demonstrated how the technology could be 
employed to deliver a range of safety information for health and safety management. 
This included: monitoring of personnel working within machine's operational 
envelope; report generation for plant supervisors on authorised presence of workers in 
the operational envelope; electronic reporting of incidents on site to health and safety 
department; and access to incident details for health and safety managers. 
The feedback gathered during the scenario validation and the evaluation process 
demonstrated that practitioners were very interested in the application of SightSafety. 
Importantly, practitioners considered that SightSafety offers the industry a proactive 
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system with improved safety, operator awareness and accident investigation 
capabilities. 
Barriers to the ICT application for plant management and safety 
Prototype evaluation highlighted many barriers associated with ICT application. 
These barriers to system implementation can be categorised as financial (e. g. 
application cost), cultural (e. g. worker monitoring, reluctance to change, lower 
technical literacy etc. ), procedural (e. g. system ownership, collaboration issues etc. ) 
and technical (e. g. system integration with existing infrastructure, hardware 
constraints etc. ) barriers. 
However, it can be concluded that with: the decreasing costs and fast pace 
advancements of ICT related technology; successful adoption of technology in other 
industries; and readiness of construction management to take up technology for 
improved and speedy processes, it has become possible to address many of the 
technology related barriers of ICT deployment in the construction industry. There is a 
need for the construction companies to engage in further case studies employing ICT 
in order to identify the overall cost of these applications in a typical construction 
project and to estimate the return on investment. 
Moreover, in order to achieve successful implementation of ICT it is important to: 
involve users early during system analysis and design process; understand user needs 
and their attitudes towards technology application; provide them with sufficient 
training to overcome the fear of technology use and cultural impediments, particularly 
in case of less technology literate workers; and select the most suitable and 
userfriendly interface. 
Benefits of the uptake of ICT application for process improvement 
In spite of the barriers to the uptake of ICT, SightSafety evaluation showed that there 
was generally a good level of interest for its future use for process improvement. The 
evaluators identified many benefits of system implementation. These benefits 
included: improved safety around plant and equipment; improved accident, including 
near miss incidents, investigation; improved operator awareness of the presence of 
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untrained workers; availability of data (of workers in the operational envelope of 
machines) to be searched for future accident investigations and knowledge 
management applications; and in general a proactive approach to reduce accidents on 
site. 
The conclusions drawn here relate back to the initial research preposition: the 
employment of emerging ICT by the health and safety managers can improve the 
current health and safety process associated with construction plant management. 
The benefits highlight that process improvement can be achieved by: capturing safety 
related information only at the source; automation of activities related to the health 
and safety process and getting rid of non-value adding activies; paper free work 
environment where data (workers in the operational envelope of machines, accident 
records, investigation outcomes etc. ) is readily available. 
9.3 LIMITATIONS OF THIS RESEARCH 
The research undertaken has certain limitations and these are briefly outlined below: 
  An issue faced during the data collection process was related to the fact that 
health and safety issues are regarded as strictly confidential and in some 
instances controversial by many companies. Because of this, it was noted that 
interviewees often talked about their experiences in general or those of other 
construction projects rather than being explicit about any health and safety 
problems/incidents that had occurred on their current site; this despite 
assurances of total and complete anonymity for all interviewees. 
  The research was limited to the perspective of the principal contractor when 
studying the current process for health and safety on a construction site related 
to plant and equipment. Therefore, the viewpoints of subcontractors and other 
contractors will need to be considered in future work. 
  Typically there is a reluctance among construction workers to give time to the 
design and development of a technology application for which they have 
difficulty envisioning any benefits in the early stage of design. This was 
particularly evident in case of plant operators who have strict production 
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targets to meet and any time spared for an interview meant machine downtime 
and idle banksmen. 
  Safety regulations place impediments in the way of the researcher gaining 
access to building sites to test the prototype on workers. Induction training 
was given to the researcher on all sites visited however, in many instances it 
was against the companies safety strategy to test the prototype system on any 
machine operating on a site. This gives rise to the need for industry case- 
studies of SightSafety deployments on real life projects. However, it is 
recognised that any real-life implementation of such concepts may face a long 
list of technical and organisational challenges. 
  The prototype development was essentially a proof-of-concept application. It 
was developed to demonstrate the potential of the technology application 
rather than to cover the complete domain, as would normally be the case with 
commercial software applications. As a result, the prototype application has 
looked at the SightSafety dimension of the envisaged plant MIS. Therefore, 
there is a need to explore other aspects of plant management in future study 
e. g. incorporation of audit and inspections, maintenance, plant history and 
inventory etc. 
  The respondents in the evaluation process were highly representative of the 
sample in terms of their role/position (i. e. managers and plant operators) and 
size of company. However, the number of respondents to the questionnaire 
survey for prototype evaluation was relatively small (i. e. 15 respondents in 
all), which calls for cautious interpretation of the statistical analysis. 
  The management considered plant operators as relatively less technology 
literate. As a result, during the primary research and evaluation process the 
plant operators were not randomly selected rather they were identified by 
managers whom they considered could show a level of understanding for the 
technology application. Therefore, results may not be wholly representative of 
the target population. 
ýý 
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9.4 RECOMMENDATIONS AND FUTURE WORK 
Based on research limitations and barriers identified from the system evaluation, some 
of the key pertinent issues that require further research are recommended below. 
Need to investigate a mechanism for defining a machine's operational envelope 
depending on machine type 
To avoid vehicle/pedestrian collisions, a mechanism to calculate and define the safe 
operational envelope around the machine by using machine's configuration and mode 
of operation is required. For example, in case of an excavator, the machine's 
maximum reach capacity (including boom, dipper and attachment) must be calculated 
(JCB 2005). Another important factor that requires consideration is the make, model 
and type of excavator being used. As an illustrative example, Appendix F lists some 
typical models of Caterpillar excavators (Caterpillar Inc. 2003) and states the 
parameters of the maximum digging envelope which should be considered when 
defining the size of the operational envelope. These parameters include maximum 
height a bucket can reach and maximum digging depth of the machine arm (boom 
stick and bucket). In addition, various booms and other auxiliary attachments should 
also be taken into account, for instance: a reach boom maximises digging envelopes 
with various stick combinations; a mass boom maximises productivity due to higher 
digging force; and Variable Angle (VA) boom enhances visibility on the right side of 
the machine and maximises flexibility when lifting heavy loads or working in tight 
quarters (Caterpillar Inc. 2005). Using a combination of these factors, the safe 
operational envelope around a machine should be determined. Ideally this data should 
be entered into an ICT system (database) to calculate the radius of the operational 
envelop and in order for it to be useful. 
SightSafety can be further extended to incorporate such an `envelope definition 
mechanism'. For this expansion of SightSafety an interface is suggested which is 
provided in Figure 9.1. In such a case, some parameters to be entered by the operator 
into SightSafety are suggested as follows: 
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1. Operator would enter machine ID (used on the construction project) and 
SightSafc'ty would retrieve machine type and maximum reach for this model 
from the database. See Figure 9.1 where the operator has entered machine ID 
as `MHE307' and the system has retrieved the type as `Hydraulic Excavator 
360' and maximum reach as '10 metres' from the database (assuming that data 
for all the models are entered into the database). 
2. The operator should also he able to select a mode of operation that would 
select a predetermined (suitable for the particular operation) `Machine Reach'. 
3. The operator should next specify if the machine (during its operation) will be 
static or mobile. Since for a mobile machine there may be less time for the 
pedestrian to react therefore, it is proposed to carry out further research on 
determining the radius of the envelope e. g. for every `x' m/h the radius is 
increased by I m. 
Figure 9.1: Suggested screen to define radius of machine's operational envelope 
Operational Envelope 
Operator Machine 
Operator ID A1234 Machine ID MHE307 
Name John Smith v Machine Type Hydraulic Excavator 360 v 
Envelope Size 
Machine Reach 10 M 
Position 0 Static 
Q Mobile 
Speed 0 mph 
Zone Size 12 M 
Operation Mode Q Heavy Digging 
Q General Excavation 
0 Levelling 
0 Fine Control 
0 Other 
Date: 20 Aug 2007 Time: 9: 40 AM 
Need to address the ergonomics issues 
During the prototype evaluation process, evaluators identified various technical 
limitations of the employed hardware such as the tablet PC monitor was too big in 
size to be fitted inside machine's cabin; and it was difficult to see the display in bright 
sunlight etc. Thus, future research should also address the hardware related issues of 
SightSafety application that may constitute a harrier to its implementation. In 
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particular, future investigation should look into the location of the display unit inside 
the cabin and the smaller display size. It is important that the display is located in 
such a way that it does not take away the operator's awareness or obstruct the line of 
sight. 
Need to embed RFID in a swipe card 
For the generated scenarios in the research it was suggested that each personnel ID 
card (or swipe card) is embedded with an RFID tag that stores all personal details 
including medical history and contact information of the employee. However, during 
the prototype development IDENTEC Solution i-Q tags were used which are bulky in 
size compared to the small tags currently available in the market. It is therefore 
suggested that future work should produce personnel ID cards (or swipe card) that are 
embedded with RFID tags for the SightSafety system. 
Need to work on the Graphical User Interface (GUI) for the operator screen 
During the prototype evaluation process, evaluators suggested that the display should 
be very simple to use for machine operators because of their perceived low technical 
literacy. Some plant operators suggested a simple `radar system' like (graphical) 
display. In order to improve the acceptance of the system among operators, future 
work should seek to look into ways of improving the visual display that shows tag 
movements on the screen. The aforementioned addition asks for investigation into a 
simplistic GUI however, the fundamental design of SightSafety would remain the 
same. For the suggested interface for the plant operator display unit (see Figure 9.2) 
the personnel movements are displayed instantaneously on the screen. The untrained 
pedestrians in machine's operational envelope are marked red (with their tag id 
displayed) and the trained workers are shown with green mark (see Figure 9.2). With 
such a screen in place operators will be made more aware of pedestrians' location at 
all times. 
However, the drawback of the RFID system is that it does not provide positioning 
information. For the GUI presented in Figure 9.2, integration with a high-accuracy 
pedestrian positioning system would be required. It is therefore suggested to explore 
various positioning systems to be integrated with SightSafety. One possible way 
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forward would be exploring the emerging tags which uses a combination of positioning 
and tagging technology (IDENTEC Solution, 2007). 
Figure 9.2: Suggested GUI for the operator screen. 
Need to expand the scope of implementation 
As highlighted in research limitations that the prototype development was essentially a 
proof-of-concept application and as a result has looked at the SightSafety dimension of 
the envisaged plant MIS. However, there is a need to explore other aspects of plant 
management in future study e. g. incorporation of audit and inspections, maintenance, 
project information, plant history and inventory etc. 
Need to ensure user acceptance 
The `big brother syndrome' was identified as a major concern among workers who 
feared that they may be constantly monitored through the tagging system by 
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management. Since user acceptance is a critical factor in the success of any ICT 
deployment, it is extremely important for the industry in general and project 
management in particular to make users of SightSafety realise the benefits of the 
application. As a result, there is a need to invest in the user training in order to make 
them at ease with the use of technology. 
9.5 CLOSING REMARKS 
The research highlighted that plant and equipment operation is one of the leading 
causes of accidents and injuries on construction sites. Through the research findings 
process maps were created for standard safety practices employed for onsite plant 
operation. Furthermore, practitioner concerns regarding these existing practices were 
highlighted to determine the major causes for failed plant/pedestrian safety. In order 
to address the raised concerns, an ICT solution was recommended to produce a 
proactive health and safety management system. The developed application 
investigated incorporation of plant MIS with mobile computing and RFID tagging 
technology. The integration of aforementioned technologies has led to the 
development of a primary technology platform where information requirements of 
safety managers and plant operators could be addressed. In addition, improved 
management of machines' operational envelope could result in reduced accident rates. 
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APPENDIX Al: GUIDE FOR SEMI STRUCTURED 
INTERVIEWS 
  Loughborough 
University 
Interview Questions 
These questions seek to determine the opinions of health and safety managers and plant operators on the 
currently practiced health and safety processes for construction plant. In addition, the questions enquire 
about any technology application to improve plant safety and performance. Note that all individual 
responses will he treated in strict confidence and we would be willing to share any research findings with 
you. Thank you in advance for your valuable input. 
Section 1 Personal and Company Details 
*Other than your job title position and experience in the industry, answers to these questions may be 
considered optional 
(1.1) Namc: 
(1.2) Job Title/Position: 
(1.3) Company Name: 
(1.4) Company Address: 
(1.5) Experience in Construction Industry: 
(1.6) Telephone Number: 
Section 2- Health and Safety 
What existing processes do you follow to ensure the health and safety of plant, 
their operators and workers operating in the vicinity of these machines? 
What plant and equipment related issues are addressed in the H&S plan 
What safety precautions are taken by pedestrian (workers) working within a 
machine's operational envelope? 
Are any prohibited zones established around these machines? 
o If YES, what are advantages and is it practical? 
o If NO, why not? 
Do you agree that the operator's vision is impaired on the right-hand side by the 
mast on the telescopic handler excavators (wheeled and track type)`. " 
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Do you use any visibility aids where the driver's (of excavators and 
telehandlers) direct field of vision is inadequate? If Yes what kind of 
aids? If NO, why not? 
¢ What happens in case a plant hazard is reported? Also when plant is involved in 
an accident? 
¢ What kind of accident records are stored and are they available online? 
What kind of reports on accidents are available to managers? 
What improvements would you like to see developed? Is it easy to 
spot health and safety trends from these existing reports? 
Section 3- Technology 
> What information on plant is communicated to plant operators and how? 
What health and safety information is communicated to them? 
¢ What on-board computers, software and information systems are currently in 
general use in construction plants (specifically excavators and telehandlers) and 
by plant operators. 
> Is there any software or computer based system used by managers for planning, 
organizing and controlling plant operations? What information is maintained? 
More specifically are you using any technological solutions for 
  Vehicle tracking 
  Collision detection and vehicle path planning 
  Equipment health monitoring 
. If yes what kind of advantages do they offer? 
= If not what are the barriers? 
> Are you using any management information systems for 
  Maintaining Plant history (purchase details, 
supplier/manufacturer details etc. ) 
  Vehicle inventory management (Tools/parts inventory) 
  Fleet management systems 
  Accident management 
  Service schedules 
If YES then does this system manage both owned and hired plant 
types? 
Date: 
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APPENDIX A2: GUIDE FOR EVALUATION QUESTIONNAIRE 
  Loughborough 
University 
Evaluation Questionnaire 
A prototype system for unauthorised trip monitoring for improved plant and 
equipment related health and safety 
This questionnaire seek, to determine the opinions of Health and Safety managers and construction plant 
(in particular: excavators, telehandlers and dump trucks) supervisors. The completion of this 
questionnaire should be followed by a demonstration of the prototype system andior scenarios. We would 
therefore very much welcome ten minutes of your time to complete this questionnaire. Note that all 
individual responses will be treated in strict confidence and we would he willing to share any research 
findings with you. Thank you in advance for your valuable input. 
How to complete this questionnaire: 
" Where a scale is provided like this: I 
indicates your opinion to a question. 
" Where a line is provided i. e.. 
perceived as being appropriate. 
2345, please fill the circle that best 
you can write any response you 
*###**#####***##*########ß**#*###*##*##*#**##****#***#**#*#*4*t****##*##*****#**#*# 
Section 1- Personal and Company Details 
*Other than your job title position and experience in the industry. answers to these questions may be 
considered optional 
(1.7) Name: 
(1.8) Job Title/Position: 
(1.9) Company Name: 
- 
(1.10) Company Address: 
(1.11) Experience in Construction Industry: 
(I. 12) Telephone Number: 
Section 2- System Effectiveness 
Please till the circle that best indicates your opinion to a question. where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
I consider the overall SightSnfch' ststc'ni 12345 
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2.1 is a useful application. 00000 
2.2 will contribute in reducing accident rates on sites. 00000 
2.3 will help in monitoring the workforce working in the 00000 
operational envelope of plant and equipment. 
2.4 has a relevance for the industry's needs. 00000 
Section 3-A Proactive System 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
I consider that the SightSafety system 12345 
3.1 will enable managers to learn how to improve health and 00000 
safety management practices on the construction site? 
3.2 will help towards a proactive Health and Safety 00000 
management system? 
3.3 will help managers to retrieve information that may 00000 
subsequently be used as a training aid for inexperienced 
workers? 
Section 4-A Practical System 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
In my opinion, 1 2 3 4 5 
4.1 I consider SightSafety a practical solution. 0 0 0 0 0 
4.2 I am comfortable with the idea of employee tagging. 0 0 0 0 0 
4.3 The workers will use the tagged swipe cards without any 0 0 0 0 0 
fear of being monitored all the time by management. 
4.4 I am convinced that the plant operators will use the 0 0 0 0 0 
system. 
4.5 major system training will be required for the system 0 0 0 0 0 
setup 
Section 5- System Usability 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
In my opinion, 12 .345 
5.1 SightSafety is a user friendly system 00000 
5.2 the information is displayed effectively on the screen. 00000 
5.3 the system interface is easy enough for an average 00000 
construction worker (assuming low technical literacy) to 
learn and use for his daily tasks 
Section 6- Financial Feasibility 
Please fill the circle that best indicates your opinion to a question, where: 
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1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree ' 5: Strongly disagree 
I think the system is financially feasible when 12345 
7.1 one unit (per vehicle) costs approximately £2000.0 0000 
7.2 each personnel tag costing approximately £15 or less. 00000 
Section 7- General Comments: 
What improvements can be made to the overall system? 
What do you think are the main benefits of the SightSafety application? 
Do you think there are any `Soft' issues (cultural) associated to the system? 
Do you think there are any technical issues associated with the system application? 
What in your opinion are the barriers/issues regarding the application of such a system 
in the industry? 
Further Comments (if any) 
Date: 
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Loughborough 
University Evaluation Questionnaire 
A prototype system for unauthorised trip monitoring for improved plant and 
equipment related health and safety 
This questionnaire seeks to determine the opinions of mobile plant (in particular: excavators, telehandlers 
and dump trucks) operators. The completion of this questionnaire should be followed by a demonstration 
of the prototype system and or scenarios. We would therefore very much welcome ten minutes of' your 
time to complete this questionnaire. Note that all individual responses will be treated in strict confidence 
and we would be willing to share any research findings with you. Thank you in advance for your valuable 
input. 
How to complete this questionnaire: 
" Where a scale is provided like this: 1 
indicates your opinion to a question. 
" Where a line is provided i. e., 
perceived as being appropriate. 
2345, please fill the circle that best 
you can write any response you 
Section 1- Personal and Company Details 
*Other than your job title position and experience in the industry, answers to these questions may he 
considered optional 
(1.1) Name: 
(I 2) Job Title/Position: 
(1.3) Company Name: 
(1.4) Company Address: 
(1.5) Experience in Construction Industry: 
(1.6) Telephone Number: 
Section 2- System Effectiveness 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
I consider thc' overall SightSakty svstem 12345 
2.1 is a useful application. 00000 
2.2 will contribute in reducing accident rates on sites. 00000 
2.3 will help in monitoring the workforce working in the 00000 
operational envelope of plant and equipment. 
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ZRiaz Appendix A2 
2.4 has a releyance for the industry's needs. 00000 
Section 3-A Proactive System 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
I consider that the SightSafety system 12345 
3.1 will enable managers to learn how to improve health and 00000 
safety management practices on the construction site? 
3.2 will help managers to retrieve information that may 00000 
subsequently be used as a training aid for inexperienced 
workers? 
Section 4-A Practical System 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
In my opinion, 1 2 3 4 5 
4.1 I consider SightSafety a practical solution. 0 0 0 0 0 
4.2 I am comfortable with the idea of employee tagging. 0 0 0 0 0 
4.3 The workers will use the tagged swipe cards without any 0 0 0 0 0 
fear of being monitored all the time by management. 
4.4 I am convinced that the plant operators will use the 0 0 0 0 0 
system. 
4.5 major system training will be required for the system 0 0 0 0 0 
setup 
Section 5- System Usability 
Please fill the circle that best indicates your opinion to a question, where: 
1: Strongly agree 2: Agree 3: Neither agree or disagree 4: Disagree 5: Strongly disagree 
In my opinion, 12345 
5.1 SightSafety is a user friendly system 00000 
5.2 the information is displayed effectively on the screen. 00000 
5.3 the system interface is easy enough for an average 00000 
construction worker (assuming low technical literacy) to 
learn and use for his daily tasks 
Section 6- General Comments: 
What improvements can be made to the overall system? 
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What do you think are the main benefits of the SightSafety application? 
Do you think that plant operators will use the system? Yes/No 
If no, why not? 
What in your opinion are the barriers/issues regarding the application of such a system 
in the industry? 
Further Comments (if any) 
Date: 
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APPENDIX D: AS-IS-PROCESS FOR ACCIDENT 
INVESTIGATION 
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APPENDIX E: HISTOGRAM CONSTRUCTED FROM THE 
EVALUATION SAMPLE TO DETERMINE SAMPLE 
DISTRIBUTION AND STANDARD DEVIATION 
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Z. Ria: 
.I J)J)c'ndi. r 
E 
'Eff useful' rated by Managers 
J 
4 
V3 
C 
d 
C. 
U- 2 
1 
0 
2.5 3 3.5 4 45 5 5.; 
Eff_useful 
'Eff useful' rated by Operators 
J. U 
2.5 
2.0 
u 
c 
a, 
Q 1.5 
U. 
1.0 
a5 
0.0 
2as 
Eff_useful 
NB: 'Eff useful' = SightSaletY system is a useful application 
Mean =3.75" 
Std. Dev. =0.707" 
N =8 
Mean =3.71 ` 
Std. Dev. =1.113"" 
N =7 
253 
Z. Riaz Appendix E 
'Eff reduced_accident' rated by Managers 
4 
V3 
C 
C. 
d 
LL 
2 
1 
0 
Mean =3.75" 
Std. Dev. =0.707" 
N =8 
2.5 3 3.5 4 4.5 5 5.! 
Eff reduced accident 
'Eff reduced_accident' rated by Operators 
3 
v 
c 
d 
a2 
N 
U- 
1 
0 
Mean =3.14" 
Std. Dev. =1.215" 
N =7 
0123456 
Eff reduced accident 
NB: ' Eff reduced accident' = SightSa/t'nv will contribute in reducing accident 
rates on sites 
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Z. Ria: Appendix E 
'Eff monitoring' rated by Managers 
5 
4 
V3 
C 
d 
c' d 
4- 
LL 
1 
0 
2.5 3 3.5 4 4.5 55 
Eff_monitoring 
'Eff_monitoring' rated by Operators 
c 
d 
C. 1.0 
d 
LL 
0.5 
0.0 
1.5 
Mean =4.25' 
Std. Dev. =0.707" 
N =8 
Mean =3.29" 
Std. Dev. =1.604" 
N =7 
0123456 
Eff_monitoring 
NB: `Effmonitoring' = SightSq/eh" will help in monitoring the workforce working 
in the operational envelope of plant 
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'Eff_relevance' rated by Managers 
10 
8 
Vs 
c 
a, 
a. 
a, 
a 
4 
C 
2.5 3 3.5 44 
Eff_relevance 
'Eff_relevance' rated by Operators 
1.5 
V 
c 
CD 3 
Q to 
a, 
U. 
O. 5 
00 
Mean =3.88'" 
Std. Dev. =0.354" 
N =8 
E 
Mean =3.43" 
Std. Dev. =1.512" 
N =7 
0123456 
Eff_relevance 
NB: `Eff relevance' = SightSafety has a relevance for the industry's needs 
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'Pro-learn' rated by Managers 
6 
cq 
a. 
U. 
2 
0 
Mean =3.75" 
Std. Dev. =0.463" 
N =8 
2.5 3 3.5 4 4.! 
Pro-learn 
'Pro-learn' rated by Operators 
L. U 
1.5 
C 
4) 
Q 1.0 
d 
LL 
Of 
0.0 
Mean =3" 
Std. Dev. =1.414" 
N =7 
0123456 
Pro-learn 
NB: `Pro learn' = SightSa/ern will enable managers to learn how to improve health 
and safety practices on a construction site 
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'Pro_training_aid' rated by Managers 
4 
v3 
d 
0 
C! 
LL 
2 
Appendix E 
1 
0 
Mean =4.25" 
Std. Dev. =0.707" 
N =8 
25 3 3.5 4 4.5 55 
Pro_training_aid 
'Pro_training_aid' rated by Operators 
4 
3 
a, 
Q 
a) I- LL 
1 
0 
Mean =3.14" 
Std. Dev. =1.464" 
N =7 
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Pro_training_aid 
NB: 'Pro training aid' = SightSatcti will help managers to retrieve int'onnation 
that may subsequently be used as a training aid for inexperienced workers 
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'Pra_practical' rated by Managers 
Ei 
v 
C 
Q 
d 
U- 
2 
0 
Mean =3.62" 
Std. Dev. =0.518"" 
N =8 
2.5 3 3.5 4 4. ° 
Pra_practical 
'Pra_practical' rated by Operators 
3. u 
2.5 
2.0 
c 
Q 1.5 
d L 
k 
1.0 
0.5 
0.0 
246 
Pra_practical 
NB: `Pra_practical' = SightSafenr is a practical solution 
Mean =3.57" 
Std. Dev. =1.512" 
N =7 
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'Pra_comfortable' rated by Managers 
.>V 
20 
U 
C 
a, 
Q 1.5 
d 
I- 
LL 
1.0 
O. 5 
00 
0123455 
Pra_comfortable 
'Pra_comfortable' rated by Operators 
U 
C 
d 
Q 
d 
I- 
LL 
1 
0 
endix E 
Mean =3.38" 
Std. Dev. =1.598" 
N =8 
Mean =2.14" 
Std. Dev. =0.9" 
N =7 
0.5 1 L5 2 2.5 3 3.5 
Pra_comfortable 
NB: `Pra_comfortable' = In SightSafety, I am comfortable with the idea of 
employee tagging 
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'Pra_fear' rated by Managers 
3 
V 
Q 
d 
U- 
1 
C 
0.5 1 1.5 2 2.5 33 
Pra_fear 
'Pra_fear' rated by Operators 
5 
4 
c 
d 
a 
d 
U- 
2 
1 
0 
Mean =1.75" 
Std. Dev. =0.886" 
N =8 
E 
Mean =1.71" 
Std. Dev. =0.488" 
N =7 
0.6 0.9 1.2 1.5 1.8 2.1 2.4 
Pra_fear 
NB: `Prafear' = The workers will use the RFID embedded swipe cards 
without any fear of being monitored all the time by management 
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'Pra_operators_use' rated by Managers 
6 
U 
c 
ar 
Dn a> 
LL 
2 
0 
2.5 2.75 3 3.25 3.5 
Pra_operators_use 
'Pra_operators_use' rated by Operators 
2.5 
2.0 
v 
d 
Q' 1.5 
N 
LL 
1.0 
0.5 
0. C 
024 
Pra_operators_use 
NB: `Pra_operators_use' = The plant operators will use the system 
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NB: 'Pra_setup_training' = Major system training vv ill be required liir 
the system setup 
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Usa_user_friendly 
NB: `Usa_user friendly' = SightSgkii' is a user friendly system 
1. \ L 
Mean =3.12" 
Std. Dev. =0.991 " 
N =8 
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Std. Dev. =1.069° 
N =7 
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Usa_display 
NB: `Usa_display' = In SightSgf tv the information is displayed 
effectively on the screen 
)c'ndi. v L 
Mean =3.5" 
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265 
7. Ria_ 
'Usa_interface' rated by Managers 
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Usa interface 
NB: 'Usa_interface' = The system interface is easy enough for an average 
construction worker (assuming low technical literacy) to learn and use for his 
daily tasks.. 
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APPENDIX F: SOME TYPICAL MODELS OF CATERPILLAR 
EXCAVATORS AND THEIR SPECIFICATIONS 
Model Maximum Digging Envelop e Counterweight 
A metres Bm cm Kg 
307C 5.56 6.72 4.65 750 
307B 5.56 6.72 4.65 750 
307C SB 4.48 7.50 4.71 1250 
307B SB 4.45 7.42 4.70 1150 
308C SR 5.09 6.22 4.37 1170 
308C CR 5.67 6.77 4.69 1170 
311C U* 5.77 8.81 5.59 1170 
312C, 312C L 6.34 8.62 6.04 2450 
313C SR 6.06 7.23 4.84 2500 
313C CR, 7.19 8.63 5.95 2500, 
314C CR, 3000, 
314C LCR 3000 
315C 6.41 9.14 6.55 3010 
315C L 6.44 9.11 6.25 3010 
317B L, 6.44 9.10 6.51 3300 
317B LN 
318C 6.9 9.66 6.84 3350 
318C L, 6.9 9.66 6.84 3600 
318C N 
320C, 6.67(rb), 6.25(mb), 9.71(rb), 6.55(rb), 4120, 
320C L, 8.11(vb) 9.19(mb), 6.14(mb), 4120, 
320C LN 9.57(vb) 6.03(vb) 4420 
320CS 6.74(rb), 5.93(mb). 9.70(rb). 6.48(rb), 4420 
8.18(vb) 8.83(mb), 5.68(mb), 
9.55(vb) 5.96(vb) 
321C LCR 7.98 9.69 6.62 6100 
322C 7.15(rb), 5.98(mb) 10.47(rb), 7.22(rb), 4090 
9.12(mb) 5.91(mb) 
322C L - - - 4369 322C LN 6.75(rb), 6(mb), 10.00(rb), 6.69(rb), 4369 
7.82(vb) 9.11(mb), 5.88(mb), 
9.61(vb) 5.86(vb) 
325C 7.11(rb), 2.03(mb) 10.51(rb), 7.09((rb)), 
9.88(mb) 6.54(mb) 
325C L - 5620 
325C LN 7.07(rb), 6.12(mb), 10.58(rb), 7.12(rb), 5620 
7.96(vb) 9.34(mb), 5.98b, 
9.8(vb) 5.89(vb) 
330C 7.64(rb), 6.67(mb) 11.64(rb), 8.09(rb), 
10.21(mb) 6.60(mb) 
330C L - 6250 
330C LN 7.67(rb), 6.74(mb) 11.64(rb), 8.06(rb), 6250 
10.16(mb) 6.58(mb) 
267 
Z. Riaz Appendix F 
345B Series II 7.32(rb), 6.94(mb) 12.23(rb), 8.31(rb), 9300 
11.03(mb) 7.09(mb) 
345B L- FIX 7.54(rb), 6.95(mb) 13.00(rb), 9.27(rb), 
Series II 11.12(mb) 7.18(mb) 
345B L- VG 7.56(rb), 6.92(mb) 11.69(rb), 7.5(rb), 
Series II 11.12(mb) 7.11 (mb) 
365B L- 9.19(rb), 7(mb) 14.09(rb), 9.46(rb), 
Series II 11.83(mb) 7.26(mb) 
385B 10.45(rb), 8.39(mb) 15.61(rb), 10.44(rb), 11650 
12.54(mb) 7.46(mb) 
Source: Caterpillar Inc. (2003) 
N. B. 
A= Maximum loading height of bucket with teeth; B= Maximum reach at ground level; 
C= Maximum digging depth; (rb) = Reach Boom; (mb) = Mass Boom; (vb) = VA Boom; 
268 
Z. Ria: Appendix G 
APPENDIX G: KEY FACTS ON HEALTH AND SAFETY IN 
GLOBAL CONSTRUCTION SECTOR 
Construction Health and Safety in the EU (Source: OSHA 2008; OSHA 2004; FIEC, 
2008) 
  The construction industry is the biggest employer in Europe where nearly 26 million 
workers depend, directly or indirectly, on the sector and there is an estimated 
construction investment of £1.196 billion which is 10.4% of GDP. However, the 
construction sector has one of the worst occupational health and safety records in 
Europe with around 1,300 workers killed each year; this figure being equivalent to 13 
employees out of every 100,000 which is more than twice the average of other 
sectors. 
 , The incidence rate of non-fatal accidents in construction is nearly twice the average 
of the other work sectors. 
  Nearly 850,000 construction workers suffered accidents that entailed over three days' 
loss of work in 1999. 
  In the 10 new member states, it is estimated that construction accounts for 20 % of all 
work-related accidents. 
  Falling from heights is one of the biggest problems, along with accidents involving 
transport, both on and off site. 
 , Each year, 600 000 construction workers are exposed to asbestos, a potent carcinogen 
that causes fatal diseases such as mesothelioma and asbestosis, Frequent contact with 
liquid-based substances and dust that can cause skin problems and respiratory disease 
respectively. 
 , Many construction workers who use machines, such as hand-operated power tools, 
drills and mechanised hammers, are exposed to high noise and vibration levels. High 
noise levels increase the risk of hearing difficulties and hand-arm vibration syndrome 
(HAVS) is a serious disease caused by using vibrating tools. 
  The costs of occupational accidents and ill-health in the construction sector (including 
the costs of delays, absenteeism, and health and insurance charges) accounted for 
8.5% of project costs which could cost the EU and its taxpayers over £ 75 billion each 
year. 
Construction Health and Safety in the US (Source: DOL, 2008; BLS, 2006; McCann, 
2006) 
  The construction sector had the highest number of fatal injuries in 2006. 
  Fatal work injuries involving construction labourers accounted for more than one out 
of every four private construction fatalities in both 2005 and 2006. 
  The private construction industry accounted for 1,186 fatal work injuries, the most of 
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any industry sector and about one out of every five fatal work injuries recorded in 
2005. 
  Fatal work injury counts were higher by 4% in construction and - extraction 
occupations in 2005 (from 1,138 fatalities in 2004 to 1,180 in 2005). 
  Fatal work injuries were higher for construction labourers, carpenters, and 
construction equipment operators. 
  In 2004, construction workers were 7.7% of the U. S. workforce but suffered 22.2% 
(1278) of the nation's 5764 reported work-related deaths. In addition, there were more 
than 150,000 nonfatal injuries and illnesses with days away in construction in 2007. 
The rate was 71 % higher than that for all industry as a whole. 
  For 1992-1999 identified 54 deaths per year from trenching for all industries, 80% of 
which were in construction. Excavation-related heavy equipment, such as backhoes, 
and vehicles accounted for 11 % of trench-related deaths; about 6 deaths per year. 
  About 45 workers are killed each year in the excavation work industry, 23 of them in 
heavy equipment-related incidents on construction sites. 
  For workers on foot, being struck by vehicles, especially backing vehicles, and being 
struck by vehicle loads and vehicle parts were the major causes of death. For workers 
in trenches, being struck by backhoe loads and backhoe parts or falling backhoes 
caused three-quarters of the deaths. 
Construction Health and Safety in China (Source: Fang et al., 2004; Tam et al., 2004) 
  With the rapid growth of the Chinese construction activities, construction worker 
safety has become a major concern. 
  In 2000, the number of workers in the Chinese construction industry was 35.52 
million where it is estimated that 3,000 construction workers were killed in work 
related accidents each year. 
  Construction sites exhibit unique hazardous characteristics; for example, workers are 
crowded together on sites, operating at height and outdoors, with the use of heavy 
machine and equipment. 
  In 1999,95 fatalities (8.66%) resulted from the problems of construction equipment. 
  In 1999,7% (63) out of all (923) accident cases were due to use of heavy equipment. 
There were total 1097 fatalities and 299 severe injuries recorded in the industry, out 
which 71 and 38 were due to the use of heavy equipment respectively. 
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APPENDIX H: THE RESEARCHER'S ROLE IN THE 
DEVELOPMENT OF SIGHTSAFETY 
SightSafety Development 
Input Role of the Researcher 
Off shelf Applications 
(Softwares) 
Literature review 
(Chapter 3 and 4) 
User requirement 
analysis 
Development of system architecture 
(Section 6.2) and conceptual model 
T _J 
Practitioners 
º Scenario generation for SightSafety 
validation 
SightSafety system design 
(creation of activity diagrams) 
IDENTEC ILR 
T h l 
Testing Suitability of the Technology 
ec no ogy L(RFID 
solution) 
for SightSafety. This included: 
" hardware testing; and 
integration of software with Net 
Framework. 
MS Visual Studio. Net 
2003 (development 
platform) 
SightSafety programming (coding) 
ý 
º and integration of ILR technology with 
database application 
SQL Server Express 
edition 
Practitioners 
Feedback 
I 
sigsafety evaluation 
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